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iHE iuIjstrjbeTB 4othi|^otk are informed timt in conscq^utnct 
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of ihe deccai^d^o^'fate Mackuntomi^ the Publicatlou 

rtf the 1 hird Voluviie of^he WT^ronv^oF ijNOLriTfi),^' the greater 
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part of which [>niitcdj bten foi' a time ^iiispeaded> Ar- 

^ * 

rangbruenta, lioi^ever; have made for thu .conipIt^tLoa af thi^i 

V'oluuie^ and the ccntlnnanee of the History ; and the Xditor hupea 
to lie enabhi Sil^to publish it on November 1st. 


The Uistoiica] MSS, left by lb ifi^ii^tinguishcd person, includinj 
a lai'^e cpianlity in a slate ready for piiblitaiion, but referring to an 

4 . 

tipDch of History sub!«ei^ucot to llie leign of Eiuabelb, liave 

* 

been purr'based by the Iboprietors of the ** CyclopBcdiiij^' and 
placed in the han^s of^Dr. Lardner^ with a view to the continu¬ 
ance of the ^*^i3tory of England.^^ It is at present intended to 

ti 

continue the History to the date aigwliich these MSS. commence, 
at wbicli point ^iil ha introduced. 
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In. ibe more abetruie and tcchtilrql ilcpartTAbnts ofkiiow ICLlgp^ !^n altempt ban I 
licen made to convey tiH'he tcJlin^ a nctiua'iiunhcc with ihc^e subject b by 

tliemic nt plnin and taoiilUrlaii^ji^^Cf appropriate and wclI-eKccntcEl eo^tavinffs* 
and copious e)fJmpli^s uinl iHinj, taken hoifi objects and events with 

whkii tw(^y one i-s iicljiiu! utird •'“ 

Anionk; the voEumce alreif,/publinhed Jit Uic hteiaiy departiEientj no less 

rliaii fuir have been the production of nieirwbo Btun^l lit flic iirst rank of , 
litLiary iHlent,^Rit Janie^ MEtckbitusk aiKl Sir Walter SroEr^ In the scientthc 
rlepartrtient, » work ti4s been prcHlucrd from the pen of Mr+ Herscbcl, which 
has bcfili proimimccd by the h^beot liviru anthorily on the Nohjccii of igcjieial 
philosopliyt to ctiEiiam " L^obicFt observations on the .v^due ol kinmledi^e 
wbii'h have been.matie sjjicc Bacon/' and to be Ibe ‘‘fincat woik of pidtu- 
snphical gciiiiis which this at;i' h^s 
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ADVEkTJSEME^T. 


Tjik author of this tf&atisc wi^ics it to he stated, 
that the following parugraptj^ in the origmal Mi^. 
have hcen expunged by the etfaor; ifhd tHe ptira-.* 
graphs corn men cing,,*/ith the woms, “ That water/' 
^c. p. 66-, and ending with the word% STirround- 
ing air, ascends,” p, 67., have been substituted by 
him. * 

• ‘‘ Another fact of the same tendency is the follow¬ 

ing :— If two flasks — one containing watjr, and 
the other containing water holding some common 
salt dissolved— be both exposed to the air when it 
is below the freezing point, with a thermometer im- 
«mersed in each, the temperature of both flasks will 
sink to ^2^'m the salt watar will coVitinuc to sink 
until it is much below tlie freezing point of pure 
water, and, on account^of the salt, it will.not fvSeze : 
the pure watcr^ as soon as it arrives’at 32°, has a 
tendency to freeze* but it cannot do*so without 
first parting with that caloric whioh is tlie cause of 
its fluidity* Accordingly, instead of coolf^ below 
32^, as the salt water did, it remains steadilj^ at 
32^, and, at the same time, freezes; for the con¬ 
cealed heat, now extricated, has becomes sensible, 
and consequently keeps the ic* at that temperature ; 
^ although, but for this cause, the temperature must 

A 3 
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ADVERTISEMENT* 


iiiive sunk in the same manner as that of the salt 
water did* 

“ Tliat watct (Iocs give out caloric in freezing, may 
be proved by another strikitfg expcTiment. — Let 
two tlpn glass vessels be'procured, equal in every 
respect: let a little pure water be p6ured into one, 
and over the water a little^olive-oil; let an equal 
, (juantity of oil, without any water, be poured into 
the other; and let both glasses be exposed to the 
same tenipoi;atuij;„ below Jt will, in some 

time, be found that^tjic water has frozen; that the 
oil (above it' is stil^ liquid, although the oil in the 
glass which contains no watrt is frozen! and tlie 
reason is, hjcausc the vaatcr, in freezing, gave out 
so much heat as kept the oil liquid until that supply 
was dissipated.” 
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CHAPTER L 

INTItODUCTflJH- 

^HE several divisions of science wliicli treat of natural 
phenomena ore so intimately connected^ and have so 
many points of contaetj that it ia scarcely posaihle to 
explain the principles of any one, without assuming 
more or less of the results obtamed in others* Che¬ 
mistry stands peculiarly in this predicament, The 
jo'operties of matter of whi<Ji it more exclusively treats 
are closely connected with the mechamicaf theory of 
solids and fluids ^ amPtheyaA no less intimately re¬ 
lated to those departments of physits in whicli th»phe¬ 
nomena of heatj light, ^nd electricity developed 
and eiiplained. In complete and independent treatises 
on Chemlstryj it has thwefore been usual to explain, in 
distinct chapters, so much of tliosc ^rCs of iiaturaJ 
philosophy as is considered most necessary and useful 
to the researches of the chemical student, Tbe^res^nt 
volume* forming part of a series comprising distinct 
tieatiaea upon ihoae subjects, the introduction of any 
detailed discussion upon them is less necessary. It has 
been thought suffleient, in genendj to refer the,reader 
to the volumes of this Cyclopaedia which are specially 

m 
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devoted to these parts of science. Some brief' explan¬ 
ation of the mechanical phenomena which will be 
principelly alluded tOj aiyj,.which are most closely con¬ 
nected with chemiftryj iSj however^ indispensable; and, 
in paTticiilar, a somewhat exte^nded view of the pbe- 
nomcnp depending upon he&t has been considered ad¬ 
visable* 

Matter^ aiul alt physical agents, are known to us only 
by their sensible effects; and when the notion of quan¬ 
tity is connected with them, that quantity must always 
be measured or estimated by some effect capable of 
being accurately appreciated by experiment or observ¬ 
ation. /I'he physical effects most intimately and uni- 
ve^fall^ connected yrith matter are inertia and weight. 
Inertia is the indisposition or inability of matter to put 
itself ill motion^ or in any way to modify or change any 
motion which it may have acquirer! from an external 
cause. In fact, it is that quality in which mere matter 
is distinguished from life* It is the absence of all 
ability for spontaneous change with respect to rest or 
jnotiotr. Ail experiment and observation prove that un¬ 
organised matter possesses this quality; and, therefore, 
that it will remain for ever at rest, unless it be put in 
motion by the application of some external cause; and, 
if once put in motion, will for ever continue to move, 
unless some exjtcrnal agericy interferes to restore it to It 
state of rest, ^ 

It,is proved hy observation, also, that to put matter 
in hiotion requires the exertion of a certain force; and 
that to give* the same motion to different maffies of 
matter requires the exertion of cJiderentTtegrees of force. 
The qaanhi]! of hm^tia of a body is estimated by the 
quantity of^rc^necessary to put it in motion at a given 
rate; add one body is said to have as much inertia as 
another, if the same impulse is capable of commu- 
nicatfng to it the same velocity. One body ia said to 
have twice or thrice the inertia of another, if it requires 
twice or thrice the force to cause it to move with the 
same speed. 
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The quantity af matter is a phrase of frequent oc¬ 
currence in all parts of physics; and it is highly ne¬ 
cessary that the student 5hoi]|]^h^e a distinct an j well- 
defined notion of its meaning; the riore especially aa 
some confusion is frequently created *by definitions of 
dlls phrase, founded on th^bry rathef than on ojserv- 
• ation* • 

The quantity of matter of a body is, then, dcte^ined 
by its quantity of inertia^ and two bodies are said to 
have equal quantities of mattei-, when they have equal 
inertia* If the quantity of jmatter in one body is said to 
be twice the quantity of matter in another„the meaning 
is, that one has twice the inertia of the other ; gr, that 
to give it the same motion will require twice the de¬ 
gree of impelling force.} The of or the 

mans of a bmly^ is also a tenn of frequent use. I'his 
word mass is to he understood as synonymous with quan¬ 
tity: the mfiss of a body is, therefore, the quantity of 
matter in the body. * 

*If two masses of matter be placed at any distance 
from each other, and be uninfluenced by any esj^rna! 
force, they will be observed to move towards each other, 
aa if each [Kisseascd a certain virtue by which it is ca¬ 
pable of drawing the other towards it. It is also found 
that, under the same circumstances, this effect increases 
a? the masses or quantities o^ jpnatter in ^he bodies in„ 
crease. If the quantity of mathir be double, the bodies 
will move towards ejeh other with « double speed^: if 
the quantity of matter be increased in a threefold ptb- 
portion, the speod of their Viutual approach* will be also 
increased in a threefold^proportion; and ao on. It is 
likewise found, that the energy of this effect ia*increased 
in a certain proportion as the distance beflveen tlie bodies 
is diminished; the more doaely the bodies approach, the 
more rapid will be their motions; but this increase ir 
rapidity is not in the proportion of the decrease of the 
distance, but in the proportion of the decrease of what 
arithmeticians call the square of the distance. This 

* Cab, CyoL Chap. IIL 

A 3 



4 


ELEMENTS QF CHEMISTRY. 


PAST I. 


attraction of bodies for one another is called ohavita- 
TiON, oroHAViTY, IS a universal property of matter; 
and iso found to de}>eiidjE^her results being the same) 
on the quantUff ojf matter alone, without any regard to 
the nature of the^ body. ThwSj a mass of lead and a 
mass cf iroHj having equal quantities of matterj~that isj 
hitving equal inertia^ — will exldbit thib attraction in an ' 
equal |legree, 'I'be results of astronomical observation 
prove that this quality bclohga to all the great bodies 
of the universe ; and all«tlie facts upon which mechan¬ 
ical science is foonded^ prove that It is a quality found in 
all bodies compo^.rr^ tlie earthy and existing on its sur¬ 
face. Xhe great mass of the earth itself has this quality 
in delation tb all bothes in its neighbourhood. The moon 
and earth have a tendency to approach each other; and 
if the ejffoc^s were not modified by other causes^ they 
would actually approach and coalesce. Detached bodies 
on and near the surface of the earth are attracted by 
the earth, A body placed at any distance from the sur¬ 
face, and disengaged, will move straight towards tne 
surface, and fall upon it. A body placed on the surface, 
will be pressed to the surface with a certain force. 
These are manifestations of the same principle; and the. 
quality thus exhibited in bodies on and near the earth 
is called weight : weight is, therefore, a particular 
manifestation * of the general principle of gravitation* 
From what has been jilst cxplakned, it will be perceived 
thatttthe weights of* bodies are alw^ays in the same pro¬ 
portion as^ their quantities of matter* 

The proofs that gravity is an univirsal property of 
matter are too numerous andftcomplid&ted to admit of 
any development here. In fact, die whole science of 
ASTBONOMY may be regarded as one connected demon- 
8{^ati0i^ of the universality of this principle, so far as 
regards the great bodies of the universe; and the whole 
science of what is called terbesthial meobanios, a 
like demonstration of its universality, so far as regards 
our earth, and the ladies upon it** 

lVlEfBAicic«4 Chapi, VI* Bpd VIL 
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CHAP* II* 

■ * 

ATTRACTION OF GRAVITATION- 

If a body he opposed to consist of pjl'ticlea of«|natt«r 
of equal iveighty, it follow? that the greater the number 
of particles included within certain volume or hullc, 
the greater will be the w^ght of the mass* If there be 
ten separate particles of matter^ ea(Ai ^gravitating with a 
force equal to Ij the gravitation of the whole Ijfn par- 
ticIeSj if united into one, would be equal to*10j and ftiis 
would hapiien without tcfereifce to the bulk: the force 
of gravitation thereforoj in proportion to^the quantity 
of matter. 

The quantity of matter constituting the bulk of any 
b^dy is subject to much variatioii* If we assume any 
measure of bulk^ and till it up with leaden huUeta, we 
liave a certain volume or hulk of lead; if small shot be 
shaken in amongst tlie bullets, Vhe quantity of lead is 
much increased, although the hulk remains the same : 
and even after this, a considerable quantity of smaller 
^ot may be introduced witt^out adding to the volume. 
Here then are three bulks, apparently tbe sAne, yet all 
dleering in the quantify of m^ter which they contain, 
and, consequently, their force of*gravitation. Ajjnart 
of ardent spirit mi^ed wjjth a quart of watef will tfiake 
less than two quarts ; as if the same penetration takes 
place between the partilies of the two liquids that hap¬ 
pens with large and small balls of lead. A mixture 
of a quart of oil of vitriol with a quart of water will 
bear the addition of a very large quantity of *the sqlid 
substance called magnesia, before the total bulk of two 
quarts will be made up amongst them all, when cold* 
The quantity of matter containeil in any bulk is as¬ 
certained by the process of weig^ng. A cubiclinch of 
pure solid copper will weigh 4*^-^ troy ounces; this, 

» 3 
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accordinglyj expressea its quantity- It is quite eyid^t 
that another cubic ir^,h of copper put into the opposite 
aide of the balance wiU c!(Kh ter poise the first; but it by 
no means foliowa that a cubit; inch of any other metal 
will do the same. < So much ^he contrary Is the fact^ that 
a cubA ijicli of standard gold * will exactly halaftce two 
cubic inches of,copper; hence there is in the former, 
twice tfje quantity of matter fthat there is in the latter, 
the bulks being the same- 

It appears, tlicrefore, that equal bulks of different 
kinds of matter mayJiave veryMifferent weights; and, in 
fact, every distinct species of bofly has a weight in a 
given f^ulk peculiar to itself* This property is hence 
called the specific grav^y, or^density of bodies; and 
it is of great value in distinguishing one kind of 
matter front another, Jt being different in almost every 
kind. To aseerUin the specific gravity of bodies, there-* 
fore, th&bulk and weight are to be taken into account 
If a cubic inch of copper weighs 4'7 troy ounces, no 
more is learned from this than its absolute weight; but 
if a cfibic inch of standard gold weighs troy ounces, 
not only is its absolute weight known, but it becomes 
manifest that this metal Is twice as heavy as copper; or, 
in other words, contains twice as much matter, hulk for 
bulk, lutlhe same tnanne^- might be tried the weights 
of cubes of all bther metafs and ;^lids, and it would thus 
be found how much, heavier or lighter they are than the 
cubp*of copper; this would give their specific gravity, 
or their reiaj^ve weigiu compjtred to copper; but there 
would be many sources of difficulty oiti. error in such a 
methwl. cFirstj it would be ^most impossible to pro¬ 
cure true cubes or other figures; they would not be all 
of preq|iely the same size; and the specific weights would 
he* all referable to copper* On these accounts another 
method is adopted* As different specimens of copper 
may be more or less heavy^ according as they are more 
or less pure or hard, it is tieccsaaty to seek a substance 

« t 

* Hade itaBdurd bj one tweUlh III vet. 
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not liable to variation : such ia water; any determinate 
bulk of which j when pure and a^the game temperature, 
is always the same in points^f weight, and heilte it is 
preferred as a statidard compariG(|n. Thus, instead 
of saying that the specihg gravity standard gold is 
twice that of copper, we ascertain how many times the 
gold cube is heavier than the same measure of water* 
This is easily done; for if a solid 1)e immer*|d in a 
vessel of water, the water will rise in tlic vessel, and ^ 
hli an additional space equal to the bulk of the solid* 
The water that is thus ^splaced, having weight, has a 
tendency to fall back, and in it^ ttirn to displace the 
solid immersed ; the water, therefore, pressei^on the 
solid, and tends to push it upwards, although it ma^not 
succeed so as to occup^f its place* Now, it is proved in 
hydrostatics that the force with whicl% the solid is 
pressed upwards must be precisely the ivcight of the 
quantity of water displaced hy the solid ; tliat ^s, its own 
Jbulk of water* Hence we derive this eonclusionj — that 
when a solid is imTiierse<l in a fluid, the solid is pressed, 
upwards hy the weight of as much of the fluid as is 
equal to '^he bulk of the solid; tlie solid thus pressed 
upwards must, therefore, be bo far buoyed up by the 
fluid, or, in other words, must lose that much of its 

* weight by the immersion. «That the apparent weight is 
diminished by immersion ib water, is easily proved. 
Thus, let a person rais^lhe heaviest stone that his strength 
permits him from tlie bottom of a river; while th* stone 
is still under water he lift it, but let hint atternpt to 
raise it entirely out of the water, and all Ids elForts will 
prove ine&cCual. In%he same manner, an^ngler, with 
a single hair and slender rod, drawg a flsh witli e,ase 
through the water ; but he may snap the haii^or rod in 
two, if he should attempt to raise the flsh alto^the^out 
of the water. 

It is easy to prove, by experiment, that when a solid 
IB immersed in water, it, for the dme, apparently loses 

* For n detailed account of thU and 'cfilier tnatten alLudfU to in tiii* 
Chapter, ue the Treatiie on HTDAonaTics, Cab. CfCl* 
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as much of its weight as the bijlk of water displaced by 
it weighs ; and that, c^sc^iuentJy, it acquires buoyancy, 
or an upward pressure, eqitfvl to the weiglit of the dis¬ 
placed water* LeJ^ a vessel^ suppose of glass, A, fur¬ 



nished with a lateral pipe B, be filled widi distilled 
water, until some has run out at B, and it has ceased to 
drop. 4 ,Then place under it tlie empty receiver C, and 
suspend in the water a hollow glass bail, fastened by a 
tliread B, to one of the pans of a pair of scales, and pre^ 
viously counterpoised in the air* On immersion, the 
balance will immediately be subverted; the glass b&Uj 
according t6 th^ portion immersed, will displace water, 
and that water will run iftto the Receiver C* When the 
water Jtas totally ceased to drop fro\n the pipe B, pour 
the Ahole quantity contained in C into the pan of the 
scale from which the glass ball is suspei^d, and it will 
be found to restore the balance. i This proves, that the 
weight of lAter diplaced by the glass ball was precisely 
the weight which* the glass hall lost by immeraioB ; or, 
in other *?forda, acquired in buoyancy: and it is obvious 
tha? the bulk of the water displaced could not be other¬ 
wise than equal to the bulk of the glass ball» If the 
water displaced by the baU, and the ball itself, be equal 
ill weight, then the ball and the water are of the same 
specific gravity, and ibe ball will float in any part of 
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the water without any tendency to riae or fall. If the 
weight of the water displaced bt greater than that of 
the ballj the latter will be ^es^d up to the ^uifaccj 
where it will floaty aujl a part will •remain above the 
surface. If the weight ^f the wate^ displaced be less 
than that of the bail, the IA ter will fall, by its diSetence 
of weight, to thft bottom, and remain there.* 

The law being now understood, that when a^lid is 
immersed in a fluid, the sdUd loses as much of its weight ^ 
as its own hulk of the fluid •weighs, we are presented 
with a method of ascertaining with precision the weight 
□f tlie quantity of water that is eqilhUto the bulk of any 
solid. We have no more to do than to weigh th^ solid in 
a delicate balance or scales ; then to tie it %ith f horse¬ 
hair to a hook in one of4hc pafts, and let it hang in pure 
water so as to be immersed; it will be^found to be 
buoyed up more or less; then* to add weights to the 
lighter dish of th^ balance until the equilibrium is re¬ 
stored ; the weights so added will be the weight of the 
water which equals the solid in bulk, and was displaced 
by it. Suppose that when the solid was weighed, in the 
air, its weight was 6 ounces, and that when weighed 
in water it lost so much that 1 ounce was required 
on that side of the scale to restore the balance ; then 1 
^ounce was the weight of tl^ solid's bulk of water, and 
the solid weighed six times the weight /if ifb own bulk 
of water. Hence we siy that t!he specific gravity of that 
solid is d: and we ^ean that it is times lieaviq/ than 
an equal bulk of water. ^In all such cases the weigRt of 
the displaced water is called unity, or 1: l^t as fractions 
often occur, one is con a tiered 1000, and dien tlie above 
specific gravity must be written 6000, 

The very same consequences resufl, and the same 
explanations apply, be the medium, in which fife bo^es 
are immersed, what it may ; whether it be water or any 
other liquor, or air or any other gas. 

In the common process of weighing, the bodies ate 
immersed in a medimn, different^ it is true, from water^ 

. ' * HTDBOflT&ncBt Catx ChApa. V. and VII^ 
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but stiM sufficient slightly to influence the results. 
’WTien an ounce of pjl^s and an ounce of lead hang from 
a scales beam in the air^ ^ey counterpoise each other, 
although they ar^ in jioint of fact, somewhat different 
in weight: for^ lacing unctjnil in bulk^ they displace 
unequal bullca^ and therefore weights, of air ; ard these 
unequal weights of air preaa upwards differently on the 
glass ^d leadj ahd the difference must be compensated 
by a correspond jngj although trivial, difference of weight 
between the glass and the lead, if they are to remain in 
a state of equipoise. 

That the a^r doc^exert this unequal pressure on the 
two botjies of different bulks, can readily be proved by 
making the ‘experiment on two bodies in which the 
difference of bulk is consitlerablt^ weighing them first in 
air BO as to^ balance, anti removing the air by the air- 
pump, when the balantfe will be immediately subverted. 

It therefore appears, that, in order rigidly to ascertain 
the relative weights of any two bodies, when the spedfif 
gravities are very different, they must be weighed in a 
vacuuE*, as it is only in this way that the influence of 
bulk IS obviated. But if the specific gravities be the 
same, they may be weighed indifferently in a vacuum, 
or in air, or in any liquid. However, the inaccuracy in 
weighing any hotly in the/iir, unless it be exceedingly 
voluminou# compared with the body against which it is 
weighed, is so trivial, tHat it mky bo disregarded: and 
when« any substance*' is said to we^gh an ounce, it is 
lUnftrsiood ,to do so in air, ^ 

There are (ircumstances to be attended to, with regard 
to temperature, which will be cTCpkined more fully here¬ 
after. For the present it is enough to say, that, in all 
compari^ns of specific gravities, the temperature of the 
eoyda dt* liquids under examination must be the same; 
for difference of temperature creates difference of bulk ; 
cold contracts, and heat expands, all bpdies. When no 
temperature is expressed in stating the specific gravity 
of any ^body, that of «60 degrees of Fahrenheit's ther¬ 
mometer is to be uuderstoodi^ * 
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gilAP; III. 

% 

ATTttAOTlOlJ OP COH^ION. 

Ha VINO ailvt^rted in a general wajf to the ^tractive 
po^cr whidi the bodies <Tf the universe exert npon each 
other j and having stated that this agency is exerted hy^ 
the globe of the earth ai^ well as hy the smallest masses 
composing it, and that il gives origin*to gjteat varieties in 
the constitution of matter, it remains to enquire how fat 
the minute particles of which these masses coflsisb are 
affected by any attractive inflltence* 

If we examimo the materials of the globe, we perceive 
that Borne are hard and dense ; 'that others are soft and 
porous, that water is destitute of solidity; and that the 
atmosphere is far more attenuated* If a certain force he 
^applied to a piece of glass, it is resisted; but if the force 
be increastxl, the glass is broken, and by repetitiqp of tlie 
process in ay he reduced to powder. The glass is now 
aeparatea into the parts which previously oflFered resist¬ 
ance to the cliange, and which, consequently, were held 
together by some force. This force, therefore, is the 
cause of tlie solidity of the.gksB: it '^as obviously an 
attractim of the parU*to each Either that caused them to 
cohere ; and benefit is called the*attraction of 
It is also called the attraction of aggregatioTif becatse it 
or assembles and retains the paKicles of bodies 
in the state of a solid.* 

The evidence of the existence of cohesion fe not merely 
inferential from tlie constitution of Iblids, but can be 
proved to act between separate atoms and Masses of 
master. A mass of gold can be beaten out into a thin 
film, which could not happen if its constituent particles 
did not glide over each other and join new ones during 
the hammering ; yet still they arg found to cohere* Two 
distinct masses of matter may be made to cohere by con- 
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tact* ThuSj let two pieces of lead be formed in such a 
way that two of their ^urfftces may be readily cut fair 
with a stiarp knife, and thflt when the cut surfaces aie 


applied to each other as at A, ijiey will both hang in 

the^same perpeiidicular direction* Let 
Ir A a scale-pan be attached to one, and let 

JL ^ the other be suspended frt>m a standard. 

¥ If the two surfaces of lead be forcibly 
V A pressed together with rather a sliding 
^ motioji otio over the other, and the com- 
¥ pound piece then liung up, they will co- 
/l\ < henc with so much force that weights to 
the amount of several pounds may be 
* gradually put into the scale-pan before 

tliey separate. 

^ 1 made the experiment with plates of 

lead one eighth of an inch tliick ; the 
surfaces in contact were each five sixths 


of an inch long; perhaps the real physical contact waa 
not more tlian one third of this, yet they faistained 
a weight of three pounds. It might be, and indeed was 
once, supposed tliat the air having been excluded by the 
dose contact of the contiguous surfaces of lead, there 
was a certain degree of atmosplieric pressure tending to ’ 
keep them together; but tliis^was disproved by Morveau, ^ 
who showed' thi^-t the surfr.cea cohered just as forcibly 
when the whole apparatus was put under the receiver of 
an air-^pump, and the"air withdrawn* 

W^itli regard to this kind of attraction, called cohesion, 
we have to cofcBtder it under two conditijps—let, when 
its operation is suspended, and, 2d, when it is restored. 

Common experience is sufficient to prove that the 
force of cohesion ia very different in different bodies; 
sonj^e wiM* scarcely permit the separation of their parts 
hy almost any ordinary force; while others, with diffi¬ 
culty, retain the solid form. When a solid is broken 
down by mechanical means, its cohesive force has been 
overcome; the operation of this force is suspended; and 
the body is now said to be mechanically divided. How- 
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ever fine this powder may be, a microscope will prove 
that it is composed of grains, ^yery one of which ia a 
solid of the same nature as '<the original; and fhcre ia a 
limit which, in the process of pulv^isation, cannot be 
surpassed. * # 

Although these partidea are the smallest thtf! can be 
procured by mechanical division, they are by no means 
the smallest that can be obtained hy other meaiw. Let, 
for instance, a piece of sugar be reduced to the finest^ 
powder; its parts are still discoverable to the eye; but 
let water be thrown on*it, and it presently disappears 
altogether; not a particle can be pefceivtd by the most 
powerful magnifiers: it is now reduced |o itsj^smallest 
parts; yet they are not destroyed, for they may be re¬ 
covered* * 

In declaring that these are the a ques¬ 

tion ia taken for granted, on*which philosophers are 
by no means agreed, namely, whether there ^ any limit 
,to the smallness of the particles to which solids can be 
reduced; or, in other words, whether or not matter is 
infinitely divisible*^ It will be shown hereaftftr, that, 
unless vre admit the finite divisibility of matter, and the 
existence of atoms or molecules, the most important 
series of phenomena in the science of chemistry will be 
jj left in the situation of ultiipate facts which,^on the other 
hand, are beautifully and completely accounted for hy 
the atomic hypothesis* The ^appy explanation which 
Uiis series of pheaomena receives from the adfti^sion 
of limited divisibility, a strong arguments in favour of 
the truth of that doctrine* * 

Whatever may be tlfe truth on this subject^ it is certain 
that tlie practical divisibility of matter i# truly astonishing. 
Silk, as spun by the silk-worm, is so fine, tjjat twelve 
grains^ weight measure one mile.t Gold can T>e beaten 
out into continuous leaves so thin, that, according to 
Boyle, 50 square inches will weigh but Ij;'grain; ac« 

^ See MpcHiSjcA, CabL CjfiL Chari JI. 

f Shaw*4 UDjrLe, i. 40^ * 
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cording to othersj 56 square inches will weigh but a 
grain. The giUling op silver wire is much thinner ; 
Dr. Halhy showed that it,may be butpart 
of an inch, Boy!e‘^provea that an ounce of goltj can be 
thus extended on filver to tlm length of 155 miles; 
others f"ay l^iOO raileif; and otherSj againj have cal-- 
culated that 14_,OOOjO(XJ of dlmSj such as exists on the 
wire, would be req^iiiretl to make up the thickness of an 
^inch, although an equal iiumher of leaves of common 
printing paper would be nearly tljirec quarters of a mile 
m thickness. Dr, Wollaston ^ J^old wire so tliin 
that an ounce of ifct would extend 5(J miles. The hun¬ 
dred thousandth part of a grain of gold is visible to the 
nakdil eye- if Hve avoirdupois pountls of pure water 
be poured into a glass globb whiuli it fills, and one grain 
weight of ahefh <icift (a substance obtained by the action 
of nitric add on aloes)'‘be added, the whole will, after 
some time, assume a fine crimson colour; which could not 
happen unfess the grain of aloctic arid had been divide<l 
and equally diffused througliout the whole volume o±‘ 
water, < Jt is possible to so small a quantity of water 
as a thousandth of a grain, and this portion of the solu¬ 
tion must contain a tliirty-five millionth part of a grain 
of aloetic acid. We have, therefore, actually divided a 
single grain of this substance into 55,000,000 of parts, 
and we knoV that the divusion can be carried rnudl 
farther The substance l^ailcd iVnilirij obtained from 
indigOi dissolved iu tile same proportion in water, gives 
it a blue tinge lliToughout* 

Not only alfe the constituent partides of different 
kinds of matter held together hji a different degree of 
cohesive force, hut we can lessen or increase this force 
by artificial means* It is not possible, however, to de- 
Mrojr itfftr as human means are concerned, it seeniB 
as indestructible as matter itself: all that we can do ia 
to suspend its operation; and then it is always ready 
to resume its energy when circumstances permit* All 
terreatrixl bodies are ftpuid in one or other of the three 
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following states,—the aolitlj the liquid*, oi* the state of 
air or vapour, Between solidity liquidity there are 
degrees: a body may be more.or less solid ; it may be so 
soft as to be almost a liquid: but airsbr vapours always 
maintain the most perfects ^uidity; tl^y never approach 
the otlier two states, and tliey remain like the atmo¬ 
sphere around iiS, There are many bodies which may 
be made to exist in any of these three states; in 
the spirit of generalisation, it has been even supposetl 
that this is true witli regard to •all m atter, although facts 
arc not yet abundant etioi^h to warrant us in coufiider- 
iug sucli an assumption as cstahlishAi,* Itie is solidified 
water ; wlicTi heated it melts into the state of a Jiquid; 
and this liquid, by being further heated, evSporates iftto 
the state of air or vapoir callM steam. This part of 
the subject will be resumed in its proper p]ace: it has 
been introducetl here merely for thb purpose of observing, 
that although, when a solid becomes liquiil, its cohesion 
is said to be suspended, yet it is only its cohesion as a 
solid that is suspouded, and we are by no nieans to sup-* 
jiose that the fluid juaihiced is destitute of all cohesive 
force. On the contrary, the cohesion of liquids is an 
appreciablL force, and exerts an agency easily rendered 
manifest, Tims, if a particle of quicksilver, which is a 
metal in a liquid state, be b^jpuglit as near another par¬ 
ticle as is possible without tlieEr touching,,the]f both pre- 
rerve the globular form,*which (bey naturally assume in 
consequence of the rqutual atiractiotf of their partSyiact¬ 
ing in the same way as g^vity does, in producing the 
spliericity of the celestial bodies. If tliej be brought 
so near as barely to tondi, tliey instantly coalfsce, their 
separate outlines arc lost, and they form one larger 
globule; or, in other words, the attraction of coliesion 
draws the particles of both globules, hitherto 
into close contact, and hohis them united, But so 

• Tht wor^^tiid iipefl by' rhcmifU in rather a Idoso sijnsc' it is merely 
itppesed to a snlul, and means eiihor a liquid nr a In ph^sicn^ the word 

la agenu# oTTvhich the species are R&s and limud, otherwjjo oxtpie^sed St 
eiatitie ami inehzitjc fluid#; and,''in stiktiicajf, ins improper to (x>ji]l9und oae 
with the other. 
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small is the distance to which they must be approached 
before they unite^ th$t the tinest dost db their surface 
preverti,5 the union. Another case of the cohesion of 
liquids is witneskd when we ,immerse a glass rod in 
water, and draw k out, hql^flg it perpendicularly; the 
watei^ forms a pendulous drop^ and remains suspended. 
Here the attraction between the glass and the water 
sustaLi.^ that portion of the drop next the glass; hut 
the lower portions of the drop are prevented from fall¬ 
ing off by their own cohtsion. It is the same cohesive 
power that preserves small portions of qniclcsilver in 
the glohular*^ form ) or drops of water on dusty sur¬ 
faces drops of oil on wet surfaces: otherwise, they 
wduld all lie flat, like hlnis, according to the laws of 
gravity. The cohesion of a liquid can be strikingly 



shown by, an easily executed Experiment. Let one of 
the scale-pans of a balance he removed, and a disc of 
tin-plate he hung by a thread in its place. Let the disc 
of tin^fiang hoiizontaJly in a shallow vessd, but not 
toudiing the bottom, and let the bdance be brought to 
an equipoise* If water be poured into the vessel as high 
as the tin disc stands in it the two surfaces will adhere, 
and ij^ith such forcQjthat weighta proportionate to the 
surface engaged may be put into the opposite side with- 
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out forcirf^ them asunder/ When the weight iii the 
opposite side is sufficient^ it will even be sceOj if the 
vessel be of glasa^ that the wateP is raised uuWer the 
disCj above the level the surroundihg water, so great 
is the force ibot opposes separating of the stratum of 
water which adheres to the disc. This experimej^t fur¬ 
nishes an instaiAe of tlie cohesion of a solid to a liquid, 
and of the jiartides of a liquid to eacA other* jjy tlio 
same apparatus we can prt>ve tliat different liquids liave 
different degrees of cohesion : dor wliilc the ivoights are 
in the scale-pan, ami the .water is thus raised above the 
level, if a little ether bo’poured into the V4;±jselj it floats 
on the watcr^ takes its place, and Instantly the tin disc is 
detached* • * • 

Airs and vapours ex:kibit ffo coliesion : they are in¬ 
fluenced by an opposite force, which will treated of 
hereafter. It now remains to consiiler the restoration 
of cohesion to bodies in which tJiis force had been sus¬ 
pended* * 

' The simplest case of this kind is the following. If a 
piece of lead, or any other metal, he melted in tl^; fire, 
its cohesion is suspended ; it becomes a liquid: but if 
it be allowed to cool, its cohesion again begins to act, 
tlie particles attract each other strongly, and it soon 
becomes as solid as ever. Here is a plain case of tlie 
suspcnEion and restoration of tlie cohe;jivfi Attraction, 
from a cause that will 1^ enlargfid on hereafter. 

The same may bp^ffected through the interventi^jn of 
a liquid. If a large quantity of sugar be dissolved iff a 
small quantity of boiling water, and the syrup allowed 
to grow cold, the attraqtiou of cohesion will begin to 
take effect between its particles, and at length*the sugar 
will once more become a solid. But, in* tliis case, as in 
many others, it is worthy of attention, that, 'vftatevgr 
be the original state of the sugar, it always, in re¬ 
suming its solidity, assumes a particular form—one of 
great regularity and beauty. It was originally opaque; 
it is now transparent; it was originally a shapele^a 
mass; it is now a prism of sixs ides, in regularity and 

o 
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lustre scttrcely to be surpasseil by the producLs of the 
lapidary's ’^vbeeh A solifl of this symnietrical forni, and 
of spontaneous pToductloii, is calle<l a ; aiul the. 

process by whiclvit is proJucetHs called vr^staUisation. 

There arc otkor substances which are 

capai^le of assuming the crystalline structurOj of one 
shape or other; couiinon sea-salt^ alufrij and saltpetre, 
are instances fstimliar to every one. Many bgdies are 
founti naturally in the crystalKne state, as various precious 
stones and minerals. * 

M^ith regard to artificial crystalsj there arc two inodes 
of producing, thtviu^ either by dissolving the substance 
of which they arc to be coinj>OKcd in as little boiling 
water as wCl sufHce, and allowing the solution (as the 
dissolved substance is called) U- cool; or by tnclting the 
body by fire, without water^ and allowing it to cool 
quietly and slowly. ^ In the instance of certain sub- 
stancesj wlien a part has solidified^ the liquid part is to 
be poari;d ottj and the residue will Iiave tlie crystalline 
form. It docs not, however, follow that, in crys- 
tallisfition, the same body invariably assumes the same 
form : the fact is otherwise ; there may be s*?veral forms 
of crystals belonging to one body, but in one or other 
of these it is sure to crystallise, and not according to any 
other model. It is also true that very dificreut kinds of 
inattcr may crystallise after the eamo model* 

Bodies, whetlier solid, liquid^ or vaporous, are capable 
of assuming the form of a crystal. If sulphur be ineheil 
iiroi a liquid, it will, on cooling, crystallise: if water he 
cooled to adow degree, it will shoo||^iiito crystals, and 
form ice; and various vapours^, such as that into which 
camphor ^is converted by heat, will, when cold, change 
into crystals.. ^ There are several metals which, when 
dowlytijooled after being melted, will crystallise* 

The facility with which bodies assume the cryatallme 
form is very various; some doing so with great ease, 
and others with great difficulty. The'general method 
of obtaining crysials^froin substances which dissolve in 
watoiHs to add the substance to the water at a boiling 
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lieatj and in as great a (]iiantil:y as the "water is capable 
of liohliiig ill solution. As the hiiuor cools, the crystals 
are produced; and the more slowly^it cools, tfle more 
regular the crystals. Sometimes it will be necessary to 
reduce the ILquor to the f'lt’vdug point^bcforc it will crys¬ 
tallise ; and sometimes it will show no more teftdcncy 
to do so when cold than when hot j iii which case the 
water shoul<l he gradually boiled away until the tirystaU 
have formed abundantly t it is in this way that com¬ 
mon sca-salt is crystallised. Jllotion promotes crystal¬ 
lisation ; but rest piom<ifl5s regularity of the shape of 
tile crystals- * * 

The tendency to crystallise is often so nijely hglanccd 
by‘the force which resists it, and which will hcn'iiTter 
be treated of, that in collide rable causes operate for or 
against the change. If a quantity of hot w^:iter be made 
to dissolve as much Glauber's salt as it can, and if the 
solution, still hot, be poured into a glass globc^ which it 
just fills, and the mouth of the globe tied over firmly 
with moiateiied double bladder, it will not crystallise 
even when cold, provided no agitation has been*used. 
Merely opening the covering of bladder, or throwing in 
a small crystal of the same salt, or touching the surface 
of the liquid with a tnetaliic point, will instantly cause 
^ crybitallisatLon to com incline, which will iqj mediately 
extend downwards, in a singflljr inannclr, through tho 
whole gkd>e, and the contents, instead of being fluid, 
will become solid. * So trifliug are the causes vfhiph 
effect this so long suspeiuled crystallisationt that the 
nature of the phenomenon never been understood, 
notwithstanding that nAch investigation has*been ex¬ 
pended on it. It is a singular fact, th^t, in tlie crys¬ 
tallisation of this salt, and a few others, light been 
observed to be emitted when the experiment is conductAl 
in a dark room. Melted phosphorus ofien comports 
itself in the same way with regard to suspended solidifi¬ 
cation; and there are other similar instances known* 
From all that has been said, it appears that matter ia 
susceptible of being divided into particles so minute as 
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to surpass all comprehension; that this division is in all 
probability not without a limit; that these minute par¬ 
ticles ere held together in the solid state by a powerful 
force or attract!oUj called the attraction of cohesion or 
aggregation ; thaf'this foree^*# manifested more strongly 
in soVds than in liquids^ althougli in the latter it is still 
discoverable; aiidj lastly, tliat in soihe conditions of 
Tnattqr, althougli it exists, its operation is suspended, but 
it is ready to cojue into actidii as soon as circumstances 
permit. * 


CHAP. IV. 

L 

ATTIlAtTriON Of AFFINITY. 

Tjjk natural forces, gravitation and cohesion, noticed 
in tile former chapters, belong, in their full development, 
more' to mechanics than to chemistry. Hence, al¬ 
though some preliminary pages have been devoted to 
these subjects, we have abstained from enlarging on 
them. There are, however, other forces in nature to 
be considered, which fall^ more exclusively within our 
province it which, sorfar as this planet is concerned, 
act a part equal in importaiite and interest to any 
othctT* 

*T[f a rod of iron be immersed in a vessel of water, on 
drawing it But it is found that som# water has adhered 
to it; but if a rod of iron be immersed in a quantity of 
mercury, on being withdrawn no mercury adheres. Both 
of these facts are easily recognised as dependent on the 
ejectscohesion* The attraction of cohesion took place 
between the particles of the iron and those of the water; 
the same attraction, it is true, subsisted between the 
particles of water which were drawn out of the vessel 
and tljose that remai^al in it, but the attraction between 
the iron and water predominated. Not bo when the iron 
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■was dipped in mercury; although there was an effort at 
the exertion of the cohesive attra<itionj it was not efH- 
caciouSj because the cohesive force keeping the pSrticlea 
of mercury together was^uperior. But if a rod of bright 
gold be immersed in mercery and fallen outj it will be 
found that the pjld has drawn up a coating of inAcury 
which cannot be wiped off; the gold is^rciidcrefl white; 
andj if left long enough in the mercury, it beiomes 
soft* 

Jn this case the mercury atlhercd to the gold rod, 
and was drawn up with .It, in opp^osltion to the laws 
of gravitation, and to llie cohesive fbree"existing be*, 
tween the mercurial partieloa. The quesjjon <^pcurs. 
Was the mercury tirawn up by a cohesion acting hetiveen 
it and the gold ? But it^ia answered in the negative by 
the factj diat the mercury cannot be wipt’d from the 
gold, nor removed by any degree of inecliariical force: 
for if the surface he acrapeil until the whitenbe re¬ 
moved, a separation is not effected; the scrapi])gs con¬ 
tain both gold and mercury. 

Now, since the influence which caused the mcvcilry to 
be drawn -p hy the gold was evidently some sort of an 
attractive force, and since it was not the attraction of 
gravitation or of cohesion^ it must be some other, ^—some- 
Ahing unlike cither of the forces which we Jiave been 
considering, Accordin^y, it to be aAnowlcdged as 
a different exhibition of the attractive force that pervades 
all matter ; it is disJinguished by the name of diefhigit 
attraction^ or simply by thoterm affinity^ — amore con¬ 
venient but less expressive term; and it difters from all 
known forces in its agenty, * 

If a piece of lead be inelteil, and a bifc of block tin be 
laid gently on its surfocej it tloats there ill same 
manner as a cork would on water; because tin is sp^- 
dhcally lighter than lead. In a short time tlie tin will 
melt with the heat; and being specifically lighter, we 
should expect it not only still to fioat, but to constitute 
the upper stratum when the twomAals have grown solid 
by cooling* It happens, however, otherwise: for we find 
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neither the lead nor the tin in their respective situations; 
both metals are perfec^ty blended ; and a particle cut from 
the lurtip, whether top or Iwttonij will be found com¬ 
posed of both tin and lead. Now^ it is to he enquired. 
Why was the pfreal^r weight q^r^the lead overcome^ so that 
it Tvas*drawn upwards through the tin, and mixed with 
it at tltc surface and why was the greater lightness of 
the tii>-over com Cj so that it was drawn doivn through the 
heavier lead to the bottom? Itcrc, again, we find an at¬ 
tractive force acting in opposition to gravity ; and it is 
another case of the same atk/iction or affinity which 
caused the gotd t<rjJin the mercury, sec, alsOj that 
this afiipity does not always subsist between bodies, at 
leaSt in effective strength ; for tho affinity of the iron 
rod to mercury was found Incapable of overcoming the 
coliesroii of fhe mercury. 

This kind of attraction acts upon matter in all 
states, whether solid, liquicl, or gast^ous. Every one 
knows that sugar is heavier than water ; accordingly, 
when a piece of sugar is thrown into a vessel filled with 
water,^ it instantly sinks to the bottom : yet, after a time, 
the sugar is no longer to be found where it was deposited; 
hut by the taste of the water it will l)e proved, contrarily to 
the laws of gravity, to have ascended towards the top* 
To the topj and all other ])?rts, it imist, therefore, have, 
been gradually Attracted; and the same would happen with 
salt, and various other articles, between wliich and water 
affinity is known to'subsist. But instead of sugar^ 
we throw ^ stone into water, ij" woultl remain there for 
ever undissolVedj because its attraction to water is not 
sufficiently, great* < 

The same wguld happen with two fluids between 
whic^ affinity subsists.: thus, spirit of wine is lighter 
thill wiler; and if it be poured cautiously over water, 
it will float ; but after a length of time it will be found 
to have descended to the bottom, and to be equally 
diffbsed through all partSj in consequence of the affinity 
cxertei^ by the waters it. If, on the other hand, oii 
be poured on water^ it will remain there during any 
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period ; for it is ligiiter than waterj and is not attracted 
by any strong affinity to that liqui^^* 

A lainiliar instance of the attraction of an air^or gaa 
may be found in the air which is expired from the 
lungs, and which is diifer^^. from atiilbsphei ic air before 
it enters tlie lungs. If we breathe for a few minutes 
upon a small quantity of slaked lime m^xed with a little 
water, the lime will attract some of the air breatl^pd on 
it, and will detain it. To prove that it docs so, vre have 
ordy to pour on a httle strong Vinegar, which will cause 
all the air that had beun^attracted to bubble off visiidy. 
But atinoRphonc air, wore it perfdttJy putro, which it 
never is, might for ever remain in contact wi^ lime 
without being absorl^ed, because uo effectiveliffinity sub¬ 
sists hetween tlicm* • 

This attraction does not net at any distance that can 
be perceived; its existence is only discoverable by its 
effects: hut its conecqucncca are very striking, and the 
changes it produces are of such a nature as cannot be 
overlooked* In tlie case of the cohesion of two masses 
of matter — suppose two pieces of Iea<l, glas^, of any 
ocher sub'^tancc" they merely stick together with more 
or Jess force ; the matter is in no respect altered* A 
piece of tin ami a piece of copper may be made so 
^smooth as to permit their Joeing brought sufficiently 
near each other to allow the* attraction .of cohesion to 
operate; they then coBere together with some force, 
yet the two metals jemain in everj respect unchan^d 
in their nature. But if,,their chemical atlj'action oe 
allow^ed to operate, as by melting them,* the masses 
of each metal do not Aerely remain in juxtaposition, 
as in the former instance; a mutual penetration of sub¬ 
stance seems to take place; the particles run together 
and mix, so that no part of the resulting mass ^ssessss 
the properties of either tin or copper. In this case of 
attraction, the only view which can be taken of the change 
prorluced is, that the ultimate particles, or most minute 
portions of which the mass of each metal is coit^osed, 

c 4> 
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attract each other ayitl \mit% particle to particle: this is 
expressed in chemical,language by saying that the two 
metals ^07nbme. 

By thus melting the two metals into a combinations 
extraonlinairy changes arc pr/rfuceth Thus, copper is of 
a ledciish-brown colour, and tin is wl^ite ; we slioukl 
expect the mixture of both metals to be a mixture of 
both ooloTiTs, that is, a paler reddish-brown; but the 
real colour of the mixture is gray. Again, copper is a 
soft metal; tin is still softer; but the mixture is exceed¬ 
ingly hard. Copper is also a Kgbt metal; tin still more 
so: but the mlxtufe is much heavier, bulk for bulk, than 
either-^ Of this, Glauber, one of the earlier chemists, 
gives a plain illustration. He says, Make two balls of 
copper, and two of pure tin^ of one and the same form and 
quantity, the weighi of which balls observe exactly; which 
done, again melt the balls into one, and presently pour out 
the mixture melted into the mould of the hrst balls, and 
there will not come forth four, nor scarcely three balls, 
the weight of the four balls being reserved.” It appears, 
then, that the same weight is condensed into a smaller 
bulk. Another, and not the least remarkable change, 
effected by the combining of the two metals, is on tbeir 
sound. If three beUs be cast from the same mould ; one 
of copper nearly pure*, one of good tin, and one of 
mixture of both ; the conper bell will have a dull, heavy 
sound; the tin bell almojat no sound; but the mixture 
of J)oth will Lave a sweet, clear, i.nd musical sound. 
Hence belUmetal is composed of a mixture of tin and 
copper. 

Whftt tfee nature of the chanj^e may be that is thus 
produced on theJtwo metals, cannot be explained ; but it 
is certaiq that, in the mixetl mass, the contiguity of a 
particle of one kind of metal produces a very decided 
change on the properties of the ai^oining particle of the 
other j and a property is produced by their union, which 
neither particle apparently pOBsesses, 

When I say that acpaitlcle of one kind of metal acts 

* It coidd not bo cAit if the copper were perIbcU/ pure. 
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on the contiguous pArlicle of anothci^ it is neccasary to 
explain 'what is meant by contigi^ty* It,is not meant 
that the particles should he im?rely verj near eaclAther; 
they must he in actual aontact— at least, in contact so 
far as ia compatible with fK'i constituAon of matter, as 
will he hereafter explained. • 

Were this contact not an indispensable condition for 
the production of the change of properties occaiiioned 
ill the tin and copper by their mixture^ it might be 
supposed that the same wouM occur on mixing ex-* 
trcinely fine filings of copptr and tin ^ but this would not 
he realised in point of fact. By no liiechlnicai means 
in our power is it possible to bring the particles^flf the 
two metals into the close degree of eontact required Tor 
the complete change of xftopiJrties 'which the bodies con¬ 
cerned are capable of, and which is effect#:! so easily 
by melting them together. By melting, the metals na¬ 
turally fall down into what are called their ultimate or 
most Tniuute constituent particles, and no mechanical 
means are competeut to this effect. 

The change of properties which takes place Vhen 
chemical .vttraction acts, ia not confined to metals, but is 
a general result in every case where different bodies 
are brought into this state of combination or chemical 
iinion. Frequently we find 4hat the properties of each 
body are totally changed; aftd that substances, from 
being energetic and violent in their nature, become inert 
and harmless, and vita v^^rsd. For fnstance, that use^l 
and agreeable substance, culinary salt, which not only 
harmless, but wholesome, and absolutely necessary to the 
well-being of man, is coifiposed of two formidable ingre¬ 
dients, either of which taken into the ^tomacli proves 
fatal to life j one of these is a metal, and the oj:her an 
air * the former is called sodium^ the latter vfflorui». 
When presented to each other, the violence of their 
nature is manifested by their immediately bursting out 
into flame, and instantly they are both deprived of their 
virulence^ Can any thing be mote striking than the 
change of properties in this case; and who could have 
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supposed t!iat culinary i^alt is composed of a metal uniieil 
to an air? The mejiciae called OIauher*s salt is an¬ 
other iVistance; it is compoKfed of two caustic poisons of 
different kinds; one called oil of vitriol, and the other 
harillii or soda* There are /a,iso two substances known 
to cbokfiistB, which are disgustingly bitter liquids; one is 
called nitrate of ^silver, and the other Jiyposulphate of 
soda;,,when niixeih they form a componiid of consider¬ 
able sweetness, lint the atmosplicre which wo hreathe 
is the most extraordinary of all instances : it must ho 
surprising to those who are iii>i^^qnainted witli the fact, 
that atmospheric 'air, indispensable as it is to lifcj is 
com2)OF(;d of the same ingredients as that most violent 
an<r destructive liquid called itfjHa or nitric acid. 

This powerful aeidj by being Uiade to act upon sugar, 
the sweetestfor all thingSj produces a substance intensely 
hitter to the taste- Charcoal is, of all known substances, 
the most difficult to convert into vapour ; so much so, 
indeed, that the conversion has never yet been decidedly 
effected ; it is also a very solid subataneo; and diamond, 
■which is nothing but crystallised cliareoal, is one of the 
hardest bodies in nature. Sulphur, in the solid statt', is 
also a bard substance, and to hohl it in vapour requires 
a high temperature, Jiut when these two substances, 
carbon and sulphur, are ruade to combine chemically, 
so as to form tke sul>*j tailed called bisulphurct of carlron, 
their properties arc strikingly clfanged. Instead of the 
compound being hard, it is a thin liquid, and is not 
known to /ree^e or solidify ^ any degree of cold that 
can be produfced. Instead of the compound being diffi¬ 
cult to va[>prise, it is of all liquid^r i»ne of the most evapor- 
able. Charcoal^s the blackest substance with which we 
are acquainted; sulphur is of a most lively yellow hue; 
but the*conipound is as colourless as water, A new smell 
and taste are acquired, and, in a word, there is not one 
point of resemblance with the component. These facts 
are strikingly illuKtrative of the change of properties 
which follows on theicxertion of cl^emical attraction be¬ 
tween tire ultimate particles of bodies. 
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Ill all the instances already aElduced, it may he ob- 
perved that the bodies concerned of a (lifF^reiit nature 
iVom each other. ThiiSj gold was said to Jiave an tHiiiity 
for mercury; lead for tin,- tin for copper; suf^ar or spirit oi 
wine for ■water ; and air (fl^a certain iiini for lime. In 
fact, it is a )>roperty of affinity, that it never lakesiplace 
between two botfies of the same kind : Icatl has no die- 
inical attractlim for leatlj nor tin for tin. In a fynner 
chapter it was shown tliA lead attracts lead ; and that 
two pieces of that metal, when brought into clo^Je con¬ 
tact, adhere with great fwree ; but it was by cohesion. 
One of the clnef differences betweiSi chciflical and co¬ 
hesive attraction is, that the former takes pla^ only 
between tlie particles of differeiit kinds *of matitr, 
whereas the latter takes ^lace between ]jarticles of the 
same kind. If 10 particles of zinc ami iO ^jf copper be 
ci>nibilled, they will form 10 and not 20 particles of 
brass: for the attraction cnnceriiotl in forming the bras^ 
la affinity, vrhidi can only join paitides of a different 
kind ; aiul, consequently, if there be any junction, two 
particles of a different kind must in each case coifibinc 
to form ' no compound particle. Ten compound par- 
tidea being thus formed by affinity, and all of them 
being necessarily of the same nature, although com- 
jiouinl, these will attract ea(Ji other by cohesion ; for 
this force, and not affinity, possesses the pawer^of joining 
eimilar matter* * * 

We find it som^inies stated, that the attraction 
of cohesion is otherwise called homogeneous ^attractioRj 
1 because it takes place onli/ lietween the paftides of the 
same kind of matter* Ttiere can be no greatej mistake: 
cohesion takes place between both iKjpnogeneous and 
heterogeneous matter. Two tliin plates of rlifFercnt 
kinds of metal may be made to cohere with gre^t foro^ 
by a forcible stroke, and this is often practiseil in the 
arts. The silvering on the hacks of glass tnirrors is 
retained by cohesion : water, whether liquid or froscen^ 
adheres to solids by cohesion : menfury rises in capillary 
tubes by the same power: glue sticks to wood, and 
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varnish to metaUj in the same manner; and there are 
numberless other in stances, 

Anoidier great dilferencc between cohesion and affinity 
is the following: —^ When the particles of bodies co- 
hercj they can afi^?ays be o^ttrcomo by what ive call 
mechanical forccj such as pulverising, ^ilingj &c. Hut 
mechanical foree^is of no avail where affinity has taken 
place ;v for let tlic compound he ever so completely 
divided, each particle of it will consist of all the in¬ 
gredients which entered into the composition of the 
original compound^ and in the^^atno proportions, and no 
mechanical contrivance can separate them, 

111 ^lis place it sliouhl he observed, that when a body 
canhot, as Jar as known, l>o decomposed into two or 
more ingredients, it is said to ‘be a simple suhsfanc^.; 
but otherwise, it is called a twnpotind: tlius, copper is 
a simple substance ; but brass, as consisting of zinc 
and copper, is com pound. With regard to compounds, 
the bodies of which they are composed are said to be 
iu a state of ehemwal (•omhiuattmij or united or combined 
by affinity, or by chemical attraction : and this state 
of chemical combination is eOTitradistinguished from what 
is called mechanical mixture, which merely means the 
mixture of bodies without being attracted to each other 
by affinity. Thus, if filiagg of zinc and filiiiga of. 
copper be mixesil by stirrhig them together, they are in 
a state of mechanical mixture ; but if they he melted 
together, they form l>rass, and are fa id to be clicmically 
coinbincrh « Or if a little essential oil and a little water 
be shaken together, they mix in 3hch a way that the 
small parUcks of each can be unchanget!; this is a 
mechanical mixture: hut if a large portion of spirit of 
wine be ^poured they all dissolve, and the separate 

parts can no longer be distinguished; this is then a 
chemical combinationH. Mechanical mixture can be 
distinguished from chemical combination by the cir¬ 
cumstance, that in the latter there is always a change of 
properties more or less complete ; whereas in the former 
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the resulting properties are a mixture of the original 
oiieSi both being rccognisable- 

We have now to enquire wbctll^r or not affirity is a 
force of very extensive^ operation in fiaturCj wliether it 
acts in the case of certainof htjjlies only, or whe¬ 
ther it is a geiu'ral property of matter, The^ facts 
known^ seem to*warrant the inference that there are no 
two bodies between w'hicli an affinity floes not subsist, 
however great the repnji^nance apparently manifested 
by tluMii fi[)r eaeli other, anrl Jiowever successfully that 
repugnance may oppose tjjeir eombination. 

There are many eausdl which op#rate against affinity, 
anil sometimes with such effect as altogether to prevent the 
virtual exertion of its influence. If a piece fif iriW aiwl a 
piece of sulphur he brougjit into contact, no change is pro¬ 
duced, If the iron be reduced to filings, ami the sulphur 
to powder, and hath be mixed, still no change takes place; 
but if this mixture be heated, they botii melt, and form 
a substance essentially different from the original ingre¬ 
dients ; tlioy have, therefore, entered into a chemical 
combination. Here it is obvious that the comhittation 
was not effected, or, in other words, that affinity did 
not actj until the ingredients were melted^ that is, until 
their cohesion was suspended: and it appears that the 
imperfect suspension of cohesion produced by the me¬ 
chanical otieration of pulverising the ipgreflients was 
not sufficient to pemiit*the exeftioii of chemical attrac¬ 
tion, until the force of cohesion was entirely overcome 
by the agency of teat. Hence the cohesion of flie 
matters employed was the antagonist to tthe force of 
affinity; and until th^ was ovcrcomcj affinity could 
not act. * 

To take another instance: if a ple(% of marble be 
thrown into water, it does not dissolve, becaii&fi*the af¬ 
finity between the particles of water, and. tliose of the 
marble is weak, while the cohesion of the particles of the 
marble amongst each other is strong. But if very strong 
vinegar be added, the particles o:^the vinegar ej^ert a 
stronger affinity to the marble ; its cohesion is dierefore 
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virtually less powerful, attd loss able to resist^ and the 
jnarble boffins to tlissolver It dissolves slowly^ howeverj 
for djw cohesion jsLill oiFerti coiisideiablo rcsifttaiice, al- 
though it is at lenptli ovtTL-oine; but if tbi:s resistance of 
the ctdiestou be s^lll further ^lessened by breaking down 
the iiiarhle into tine powder^ the force of affinity becomes 
an overmatch for tlie much weakened force of cohesion, 

r ^ 

and the marble dissolves Tvitb facility. 

In this case the cohesion ia much weakened, but it is 
by no means cnm])lctely ^'^ispcndeil; every particle of tlie 
powiler being a sinaU aggiegaJe resembling the original 
mass in properties. Ihit a greater number of suifaces 
bidng now exposed to the action of the vinegar, greater 
efftet can bo produced by the affinity in a short time* 
The cohesion is never entirely suspended until tlic par¬ 
ticles totally disappear in the lictuid; hTj as it is ex¬ 
pressed, until they ilissolve* 

In the same matmer, if a portion of the precious stone 
called sapphire be thrown into oil of vitriol, the stone is 
not affected, because its cohesive force is more power¬ 
ful than the affinity exerted by the acid: but if the 
cohesive force be lessened by reducing tlie stone to a fine 
powtlcr, the force of affinity prod ami nates, and the stone 
dissolves with facility. 

In all cases where a soli^l dissolves or disappears in a 
liquid, so^thati the whole, becomes liquid, and as trans¬ 
parent as before the solid was added, the resulting liquor 
is called a solution/ the solid befor^ its solution was the 
and the liquid whigh effected the solution is 
called the solvent or mmstrunjn. 

Tlie instances which have toen adduced show, that 
cohesion is the ^ntagoniiit of affinity ; where the cohesion 
of any two substances is strong enough, it will prevent 
or retrfd the exertion even of the most powerful af¬ 
finity. On the other hand, where the affinity is weak, it 
may be much assisted in its efficacy by lessening the 
force of cohesion. 

As ^cohesion is the antagonist of affinity, so also is 
affinity the antagonist of cohesion; and whenever the 
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former is Tery strong, the latter has a proportionate ten¬ 
dency to give way, Jf sugar be thrown into oil, it re¬ 
mains solith because there is not safndentaftiiiity between 
the two bwlies to «vei(;^)me the cohesion of the sugar; 
but if the sugar be tbrowitinto water,^lie affinity of this 
meiiatrtmm is so strong, that tlie cohesion of tlie suf^ar is 
broken down, anil it dissolves. 

Heat Homcrimos increases and sotnctimea diminishes 
the three of affinity. In ftertain cases, we find that the 
affinity of two bodies is re ally* rendered more powerful 
by raising their temperaUire; in others^ the affinity is 
apparently increased by lieat, inasindcli as tombinatious 
arc produced at a high temperature, wdiich couhWiot be 
ill the cold; yet the increase of affinity is bSt apparent, 
and the real effect of the +iiglier temjjoraturc, is merely to 
lessen the cohesion of the bodies concerned, a manner 
which will be explained in the chapter on heat, and to par-^ 
mit tlie natural affinity to act, which existed in equal power 
before, although it was overpoweveil by the superior force 
of coiiesioti. "I'lius, if alum be added to cold water until 
no more can be nlissolvcd, the affinity of each for the 
other is v far weakened, that the cohesion of the alum 
can be no longer overcome: hut if llie temperature be 
raised, an additional portion will dissolve with facility* 
tn this case, the increase of ^temperatuxe must be sup¬ 
posed to exalt the energy of affinity, rathejr thaTi to lessen 
the res (Stance of cohcsioif; the diJniuutioii of the force of 
cohesion by this incr^^^se being very Tnconsiderable. But 
when we find solid substaiyies — suppose two^inetals — 
refusing to combine at a low temperature, frhich evince 
the force of their affinity when they are melted, by the 
facility with which they combine, we mj^st suppose that 
the chief effect of the heat was to subilue their cohesion, 
and thus to permit their union* ** * 

So far as to the increase of the force of affinity by 
heat. With regard to the diminution of affinity by in^ 
crease of temperature, this effect, like the former, is 
Eometimea real and sometimes ajiparent* If hailing 
water be poured on slaked lime, a certain portion dia^ 
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solves^ and the water acquires a certain taste: but in 
proportion as the water coolsj more lime dissolveSj and 
the ta«tc becomes stronger. Tlie same observations apply 
to magnesia; and water at is known to dissolve 
more Glauber's sflt, than wljim hotter or colder. Here 
then^is a direct diminution of the force of affinity by 
heat: but in the following case the saiflc reasoning does 
not (yq>ly. Common water contains a small quantity of 
atmosplicric air dissolved in iCj and to this it owes a cer¬ 
tain <legree of the little flavour which it possesses : if the 
water be heati'd, it smni bcgyis to discharge the air in 
bubbles, noUbecausftj the afTinfty of water for air is less 
at a high than at a low tcinj>eraturc% but because the 
htmt elepaufls the air to such a tlisproportionatc degree^ 
compared with the expansion Wiich tlie water undergoesj 
that the fo^ce of affinity is no longer able to counteract 
the tendency of the air to resume its aeriform state. 
7’’he waterj as it cools^ re-ahsorbs anti condenses a new 
quantity of air. 

besides the condition of cobesionj it appears, therefore, 
til at llicre is a state of a very opposite nature, whicli an¬ 
tagonises the effectual agency of affinity, and which de¬ 
serves some conshlcratioii. An air or gas is totally 
devoid of any cohesive attraction ; and the distance 
l>ctween its particles is so jgreat, and maintained by so 
powerful It repulsive agejiey, that there is considerable 
difficulty to be overcofkie, in ftiany instances, before a 
combination can bef produced* T^is repulsive agency, 
Tfliich mechanical force can overcome, is called da^ticity. 
Cases wilf Ifc brought forward liereafte% in which two 
different kinds of air that puagess a strong affinity for 
each otlier, will nevertheless refuse to combine, on ac¬ 
count of the difficulty of bringing their particles into 
iyich cftTitact as will permit the affinity to act: yet, if the 
distance be lessened, as by medianically forcing or com¬ 
pressing the particles nearer to each other, they will 
combine with facility, and even with violence. And 
wher^ this cannot begone, the union may stiH bee^cte<l 
by presenting the gases to eadi other divested of the 
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repulsion ’which belongs to them aa gases^ more pro¬ 
perly speakingj before this lepuJiive power can have 
attached itself to them ; namely, at th^ moment cfr their 
generation^ or while they sure yet in what is called the 
TifiscPrnt state- *• • 

It is true^ th^t in these cases, heat ultimately a^^ars 
to be the antagonist of affinity; not by diminishing the 
power of affinity, as in the case just now adduced of 
lime and water, hut by keeping the particles of the gases 
concerned out of .the sphere of^ach other*s chemical at¬ 
traction. Thus, raHty fts much an obstacle to chemi¬ 
cal affinity as density, * 

But rarity does not always offer opposition to j^emi- 
cal union; affinity of some gases is of so powerful a 
kind, that the moment tfley are presented to each other 
they combine, and sometimes to the exclusiou of the heat 
which maintains them in the gaseous state : hence they 
cease to exist as gases. Instances will be given hereafter. 
Having shown that affinity is a property possessed by 
all bodies; tltat every kind of matter has, in all proba¬ 
bility, an affinity for every other kind of matter, althbugh 
circumf'auces may prevent it from being exerted with 
effect, so as to produce combination; we must enquire, 
Are there any limits to its operation ? has it a continual 
Jmdency to produce combination ? does combigation sa¬ 
tisfy or lessen that tendency ?• or, to speak metaphori¬ 
cally, is it an Insatiable appetency of matter for matter ? 
A few facts of common occurrence* will illustrate an^ 
answer these questions. If lime be left exposed for a 
length of time to the atmosphere, it absoAs f¥om it a 
kind of air which is call^ fixed air, or carboni(^add gae^ 
The absorption of the carbonic add goes qp progressively 
until a certain period, and then it ceases i thus, 100 parts 
by weight of lime will absorb of carbonic aciHT; bu*^ 
the lime may be exposed for ever, and it ’will never absorb 
a partide more. This comhiiiation of lime and carbonic 
acid is found ready-formed abundantly in nature: chalk 
is precisely such a compound; so*also are limestone, 
marbLe, and various minerals. With regard to these 
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substancesj all very different in appearance> it is remark¬ 
able that the lime and carbonic acitl bear to each other 
exactly the same proportion^ 7^^ of tlic latter to 100 of 
the former; it is therefore apparent, that ’when these 
relative weights ire present/the affinity of each for 
the allier is satisfied, ami the attraction, under ordinary 
circumstancosj ceases to be exerted any further. fVJien 
bodi^ combine in such a way that the affinities are sa¬ 
tisfied, they are said to itairirdte each other. 

In the same manner,^the substance called potash lias 
an affinity to carbonic add; and, when under proper cir¬ 
cumstances, ^vill absorb it until 100 parts by weight of the 
former combine with about 4f} of the latter; and then the 
ab^rption 5eases, because the elastic state of tlie gas can 
be no longer overcome by the affinity of the potash, now 
considerable^ ’weakened. So far tlie affinity of potash for 
carbonic acid in tlie elastic or aerial state may be said to 
be saturated or satisfied; and a definite combination is 
produced : but, in fact, the affinity of the potasli, unless 
under these circumstances, is not satisfied; for if ita 
tendwicy to overcome the elasticity of the carbonic acid 
be assisted by any otocr power, as pressure, a new ab¬ 
sorption and combination of it will take place. 

Thus it appears that potash combines with carbonic 
acid in two separate portions or doses: one dose is ab¬ 
sorbed ^onlaueoufily by ‘the affinity of the two bodies ; 
but this is limitetl by the counteracting tendency of the 
carbonic acid to reiiiain in tlic clastic state. If the elas¬ 
ticity be ^counteracted by mechanical compression, the 
affinity is aj^ain exertetl, and a new pdVtion of carbonic 
acid, coijstituting a second d^se, is absorbed. The 
quantity constifuting the first dose is about 46 parts by 
weight; that constituting the second is nearly 9® to 
ivery ^*00 of potash. 

There is one thing that deserves remark with regard 
to these two doses of catbonic acid taken up by the 
potash/ It IB an extraordinary fact, that each dose ia 
precisely the same in quantity: so that if 46 parts of 
carbonic acid unite to 100 of potash to constitute ita first 
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doise^ 4fi more will unite to form the second dgsej and 
the potash will just contain tw^ as much in the 
second as in the first case. This la ai^ important fact: 
it should be well understood and rememberbecause it 
is an illustration of how*coinbinatioiis in j^encral are 
effected where a body has an affinity to different iio sea 
of other matter,^ A distinct chapter whl be devoted to 
this subject. • 

It has already been obsL^tveil, thatj as far as we know^ 
all bodies have an affinity for each olher^ altbouf^h there 
may be antagonist forces* whidr prevent combination* 
We liave now to enquire whether ^hemicSil attraction 
acts with erjual force on every kind of matter. 

There are three substances in common use^ an!l i#fell 
known to almost every efte; magnesia, limej and nitric 
acid, coimnoniy called aqua fortis. The nitric acid has 
an affinity for each of the otlier two bodies; it has an 
affinity for the magnesia, and will combine with ic; so 
also will it with the lime. Supi>ose, then, that these 
three bodies are mixed together; what will be the 
consequence ? Will they all combine together,* and 
form 0 ^-' compound consisting oi the three ingredients, 
as would he expected from the circumstance that 
the nitric acid lias an affinity for both of the other 
J;wo? Tlie result is curioq^ and unexpected. Not¬ 
withstanding that nitric acid has afRiTityjTur Sadi mag¬ 
nesia ami limCj one only of th^se affinities is obeyerl: 
the nitric acid attrac)^ and comhines*with the lime; the 
Tnagitesia is in no respect effected or actetl upon; it re¬ 
mains untouched and separate, while the linib is attracted 
by the nitric acid, and ciKnbines with it to the exclusion 
of the other** It must be observed, hoyrever, that this 
statement is only true when the quantities of each of 
the diree substances presented to each other are •equal* 
The phenomenon is not the less surprising; for, witfk 
even the smallest quantity of acid, its equal division 
between the other two bodies might have been expected*. 

We are now prepared to answer ijje question pr^^osed 

• I>ary* 
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abovcj namely^ 'vfhethex or not affinity is equal in all 
bodies, or are some affinities stronger than others? The 
facts Above detailed s^iow that all affinities are not equally 
strong, and that the affinity of the nitric acid for lime 
is stronger than '*ts affinity far magnesia. On account 
of tills preference, as it may be called, which one hody 
manifests in attracting another, such*'cases have been 
designated elective attraction. 

\Ve shall now suppose a cAse somewhat different with 
regard to the same three bodies. Suppose the nitric acid 
and magnesia to have already combined, and suppose 
the lime to be thcif addetl to flie compound; the restilt 
will be precisely what might have been inferred from a 
kilowfedgc^of the former fact* The magnesia will be 
cictaclied from its combinaticn witli the nitric acid ; 
the lime ]yUl take its place, will combine with the 
nitric acid; and the magnesia, which had been formerly 
invisible, and in a state of solution in the add, will now 
re-appear and remain perfectly separate* The former 
compound, being subverted, is said to be decompounded 
or decomposed s and the process is called decomposition, 

" Most of the great i?hanges which are constantly taking 
place in nature, are instances of decomposition. It is by 
decomposition that the solid rock becomes covered with 
fertile soil: it is by the same agency thabtlie soil throws 
up its virdant dothingv; that growing plants are con¬ 
verted into animals I5y assimilation; that animals at 
length fall into decky, and return ipto their original state: 
in fine, it is by decomposition that the great natural 
processes of renovation and decay*are kept in a state of 
perpetu^ drculadon. ^ 
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Fhom an experiment alreswiy described** it appeared, that 
if two piecciJ of lead ar^^brougfit ^to contact by the 
application of considerable force, they are atfracted pow¬ 
erfully, and are held together eo ftrraly, tliat^the '■^cigjit 
of several pounds will he required to separate them ; if 
the pieces are brought info less forcible contact, they do 
not cohere* Now, as it has been proved that they have 
an attraction for each other, and, as in the present case, 
a small force is insufficient to call tiiat attraction into 
operation, it is manifest that there is some other power 
acting which antagonises and overcomes it, and which 
must its.elf be overcome before the iittraction can operate. 
Ill short, it appears that the plates of lead, when brought 
together, resist the force of the hand which effects the 
contact, and also their own attraction of cohesion, unless 
force be very considerable* The obvious inference 
is, that this resistance ^ a rephl^ive pow&r exerted by 
the pieces of lead; which may, howgver, be overcome, 
and which then gives*way to cohesion. This principlf 
is called repuMon j it is the antagonist of^ attraction: 
its existence under a variety of forms is certain, and 
can be rendered manifest^ln many ways* » 

Attraction and repulsion being forces opposed to each 
other, they must very materially modify each jj^cr's 
agency* Yet they do so without confusion, for each has' 
its proper limits ; and we find that where one commences, 
the other ends; or, in other words, if attraction takes place 
between two particles at one distance, repulsion will take 
place a little further off: these distai^es, however, ate bo 

« S« pt 13. 
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small as to be msetisibkj and can only be known to exist 
by iiifoetice. Them are cases of anotlier kind^ in which 
masses can be mule visibly attractive or repulsive of each 
otlier, merely by varying the diiitance. Thus, if a glas^i 
rod be elcctricalif' excited, rubbing it with silk, or, 

indeed, with any substance; and if it l^e brought near a 
light body, as apiece of cork, suspended by a silk thread, 
tlie cork will be attracted : in a moment after it will be 
repelled ; but if tlie glass be Ijrought with a sudden jerk 
close to it, the cork wilf be attracted ; if the glass be 
witlulrawn a littk,^thc cork ttdl be repelled, and so on 
alternately* Or a magnetised bar being freely suspended, 
aijptltfr monetised bar ts applied to it, end to end; if 
they repel each other at one distance, they can be made 
to attract each other merely fiy lessening the distance. 
Without cKlier asserting or denying that the agent is the 
same in all, these experiments are here made use of to 
illustrate tike position, diat matter cxliibits attraction 
and repulsion at different distances; thesse distances 
bein^ so minute as to dude our strictest scrutiny, and 
being only discoverable by indirect means* 

The theory of Boscovich affords a representation qT 
the constitution of matter with regard to attraction and 
repulsion: it is the one at present generally adopted, 
and it may be necessary give a summary of that part 
of it which ffelates tojohr prejent subject, Boscovich 
conceives that tlie pltimate particles of which all matter 
is comi^osed are mere points without extension, and of 
course iDcapablo of being divided. These points of 
matter have the property of repelling each other at the 
smallestdistances; the stnaller^he distance, the stronger 
die repulsion :* so strong does the repulsion become as 
the p^iticles approach very near each other, that no poa- 
'eible force can bring them into absolute contact. The 
admission of this repulsive agency becomes necessary to 
the theory; because, as the material particles are sup¬ 
posed to have no extension, there would be, but for the 
repulsion, nothing t& prevent all the points composing a 
mass from being forced into one, and thus would the 
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magnitudle of the mass be annihilated : in this sense he 
understands the particles to be iijppenetrable. As the 
constituent particles cannot he brought into confkct^ it 
follows that matter must be porous^ however hard or 
heavy it may appear ; and* as the repulsion varies with 
the distancej the particles are capable of approaching to 
or receding from each other, or, in othfr words^ of oc^ 
cupying more or less space according to circmnetaiices. 
The particles being repulsive of each other^ it may be 
aslced why they do not rejiel eaMi other with more effect, 
and separate to such dis^ces as*would cause the solid 
to fall to pieces. To this question the theor^r provides an 
answer. Although at the smallest distances the particles 
of matter are repulsive, there is a limit beyond wlITch 
they are no longer so: Ufeyond this limit an attractive 
force comes into operation, which prevents the disso¬ 
lution of the solid state. Even the attractive force is not 
■without its limits ; for if the particles of the solid be 
separated a little farther from each other, the attraction 
not only ceases, but repulsion once more seta in. Thus 
do attractions alternate with repulsions, until these chfnges 
terminate in that universal attraction which is called 
gravity. In sohds and liquids, the particles or points 
preserve their distance from each other by being placed 
^n the equilibrium between the attractive and ^repulsive 
influences. • • 

Such is the outline of the theory of Boscovich, as far 
as the constitution of^ matter ia coneflmed; or rather, ^ 
far as the chemist is iiit^pested in the cons^tutiou of 
matter. The theory is much more complicated, by the 
multiplication of attractions and repulsions, thap modern 
philosophy requires, remarkable as it i^ for adherence 
to facts only as guides. It will perhaps occur to the 
reader, that the existence of points of matter without* 
extension, as maintained by Boseovich, Leibnitz, and 
others, is very difficult to understand; so intimate ia 
the association, in the mind, of matter and magnitude, 
and BO difficult is it to comprehendl how points winch 

D 4 
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pasaess no magnitude can occupy space* It is vain^, 
howeverj to discuss such subjects* To the student 
who £iids it impossilile to adopt opinions rerolting to 
his ordii^py habits of thought^,which found their chief 
claims to admissif'n ori the d^fiiculty of disproofj it may 
be satisfaction to observe, that the evidence on the 
subject cannot be of a very convincing kind, when we 
find ^Leibnitz asserting that the particles of matter have 
no extension ; Descartes maintaining that extension is 
their only property; Lccke defining au atom to be a 
continued body under onesupf?rficiea;’' and Berkeley de¬ 
nying that matter e'xists at all/* It is fortunate for tlie 
chemist^ that a knowledge of the ultimate Tnechanlsm of 
inairt^ is dot necessary to the prosecution of Ids re¬ 
searches; although it must ke admitted, that certain 
hypotheses jespecting Uie ultimate inolecuiea of matter 
may assist his imagination in conceiving several of the 
most interesting natural phenomena. 

Whatever tJie nature of repulaiou may be, it is found 
to be in some manner connected with what we call heat: 
corpesculat repulsion is found to be increased by the 
presence of heat, and diminished by its absence* When 
heat increases the repulsion between the particles of a 
body, these particles must recede farther from each other 
in all diiections; and if^ they all ^ake more remote 
stations. It is pbvious that the bulk of the body must be* 
increased: it is now» iiffact, kfger, although the quan* 
tity of matter renf^ns the same, ^and it is said to be 
&panded. On the otlier hand, if a diminution of heat 
lessens repulsion, the attraction of cohesion is permitted 
to exert iuelf with more force the particles of a body 
thus coofed will draw nearer to each other ; the body 
will consequently occupy less space, although the quam. 
vtity of'^Vnatter remains the same; and the body, in this 
case, is said to be contracted. 

From the constant and evident association of heat 
with repulsion, philosophers have at length conceived 
that they are l^th ejecta of the same cause* As to the 
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nature of the cause there has been much dif^rence of 
opinion. Some suppose that heat is matter of a pecuKar 
nature j others couceiyc that heat a condition of 
matter^ and tiiat it consists in a vibratory mot^n of the 
constituent particles of bodtes. It is ^question of great 
difficulty, but of little importance, # 

fie this as it lifay^ the language of the material hypo^ 
thesis of heat being so much more convenient and ^teU 
ligible than that of the undulatory hypothesis^ we shall 
use the former in preference* • 

Heat is admitted by Ui# plnlo»ophers of the present 
day to be the principle* concerned *in repailaion: and 
heat and cold are known to protluce expansion and con¬ 
traction in all bodies. Heat is^ tlierefore, 
of cohesion. Chemists 4iave thought if necessary to 
make a distinction between the senses jn^whlch the 
word heat may be taken. In its usual acceptation^ it 
merely means the effect excited on the organs of sens¬ 
ation by a hot body. But as this must be produced by 
a power in the hot body independent of sensation^ that 
power is what chenaista understand by the word kcat * 
and to distinguish between the effoct and its cause^ the 
term caloric has been substituted. The introduction of 
this term appears altogether unnecessary^ when the 
sense in which the word h(^at should he understood 
IS explained* Caloric means* the caus^ of^tlie sen¬ 
sation heat: and tlier^ seems ^o reason to fear that 
the perception of Ii^t by the organs of sensation can 
ever be misunderstood to be the agent in chemical ph<S. 
nomcna. * 

The first question thai occurs with regard to heat is. 
Where is its abode ? where does it proceed from ? The 
answer to tiiese questions is^ tliat it exists every where ; 
and can be obtained from every thing, •* 4 

It is easy to prove that all bodies^ whether solid, 
iiquidj or aeriform^ contain heat, even when they appear 
to our sensations to be absolutely cold. They can be 
subjected to such processes as wilL^cause its evolution; 
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and hence it is inferreil;, that these bodies must have 
containeil heat throughout their substance in a latent 
and iicscnsible state. 

If a pieee of soft iroUj at the; common temperatUTe of 
the atmospherej ,Jbc struck (toiartly of an anvil with a 
hamper a few times, it becomes ]iot; and if the ham* 
mering he dexterously continued for softie time, the iron 
mayjDe lieated red hot. It is common among smiths to 
procure fire in this way* ’ By rubbing two pieces of. dry 
wood together, so itiuclipheat may be generated as to set 
them on fire ; and tltia moeVi is resorted to by savage 
nations. Ir rubbijig even two pieces of ice together for 
some time, they will gradually melt; wluch proves that 
boutrLiiust have been evolved. 

The instances that can be adduced of the extrication 
of heat are^ by no means confined to solids: there are 
various fluids, which, when mixed, undergo a consider¬ 
able elevation of tetuperatuTc: such is the case, for 
instance, with oil of vitriol and water; ami if a quan¬ 
tity of that liquid called nitric acid be poured on oil of 
turpentine, the mixture bursts out into flame* Hence a 
considerable quantity s>f heat must have existed in one 
or botli of these liquids, in a quiescent state. 

That heat exists in airs or vapours is equally demon¬ 
strable : there are instances of the quantity being so 
great as sco produce ignition and flame. Thus, kt a' 
brass tube, close at one end, oi about a quarter of an 
inch diameter, and^very even ift the bore, be fitted with 
a^ piston, welt leathered like the piston of an air-pump, 
flo that when it is forced down the^be no air can es* 
cape* Then kt a bit of th^ fungus called a^ariCf 
about a fourth part of the size of a pea, and well dried, 
be thrown down into the bottom of the tube, and let the 
#iston(»be introduced. If the air in the tube be now 
compressed fay powerfully forcing down the piston with 
a sudden strong stroke, so much heat will be extricated 
from the air that the agaric will ignite. A philosophical 
toy of this kind i3 4 ,now commonly Bold, An intense 
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flame, may be instantaneously produced by mixing two 
airsj winch will be described hereoftcr^ calle<l phosphu-r 
retted hydrogen and oxygen. . • 

TJiat bodies contair^ heat would, fioweveT, be suf¬ 
ficiently provetl without ••the precetling experiments, 
merely by showing that, under ordinary circuinstupees, * 
they can be m*ade colder ; or^ in otjier words, that 
heat can be abstracted from them ; which coul^ not 
happen if they did not dbntain it* The force of this 
reasoning certainly depends on the truth of the in- 
volyed position, that cooJiug a*body is the same as 
withdrawing heat, and til at cold is*inerely the absence 
of heat. This is the opinion of philosophers at present: 
but the reverse has been maintained, and 1^trikiiif;«^x- 
periments have been hrtjught forward to support the 
opinion that cold is an agent of a distinct j|iature from 
heatj and not merely Uie absence of it; but they have 
failed in proving their object. The Florentine acade¬ 
micians placed a mass of ice, weighing ^00 pounds, 
before a concave glass mirror, in the focus of which 
was a sensible thermometer. The spirit of wi»e in 
tho tube immediately began to Subside; and when the 
mirror was covered, the spirit rose again, proving that 
the depression of the thermometer was not attributable 
^to the proximity of the ice, From this, and similar 
experiments, it has been by B«me inferred tlfat cold is 
matter jwi generis; bfft the dfictrine has few tf any 
adherents. If we gonsider the prticess which causes 
the rise of tlie thermoi^f ter when a heated body Is 
before the reflector, and if we a<lmit that cold is the 
absence of heat, then, by supposing the course of the 
calorific rays from the heated body to be inverted, we 
find that ice should depress the thermometer, inasmuch 
as the thermometer then becomes the source'^f heai 
instead of being its object. 

As all bodies contain more or less heat at all temper¬ 
atures which the world ever experiences, and aa a por¬ 
tion can be withdrawn from them,^r added, it becomes 
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& question, what are the effiscts produced upon tlie body 
by the loss or by the addition. 

If ^leat be the principle of repulsion^ and tlie anta¬ 
gonist of cohesion, the conseqi’^nce must be, that, by 
witlidjrawing hea*, the atM^tion ot cohesion will be 
* allov'ed to act with more energy; the particles of the 
body cooled will he drawn nearer together | and if so, 
the total bulk of the body must be diminished. Hence, 
the effect of cooling is to diminish bulk. If a body, in 
consequence of being cooled, has its particles brought 
nearer together, there will be a greater number of particles 
in a given bulk thah before. I'hus, if a bar of iron, 10 
inches long, could be so far reduced by cold as to 
mes'tlVe bill 9| inches, it is obvious tliat any givers 
inch of the bar, in its contracted state, must contain 
a greater number of particles of iron than before* The 
quantity of matter in any given bulk of a body, as has 
been already explained, is called density, or specific gra^ 
vity j and it follows, diat iu the case of the bar of iron, 
its density or specific gravity is increased by cooHng, 
becatise a greater quantity of matter is brought into a 
smaller space. And ir may he received as a general law, ^ 
which, hoivever, is not widiout exception, diat the effect 
of cold on all bodies is to lessen their bulk and to in¬ 
crease their specific gravity. Conversely, it might easily 
be antieij^ted. that, by adding heat, the repulsion of the 
material partides wonltf be increased, the bulk would be 
increased, and the l^ccific gravity diminished; this, ac- 
cBnlingly, is found by experiment to be the case; and 
the law apphea to matter, whethit in the solid, liquid, 
OF gaseous state. The expansion of solids and liquids 
for equal additions of heat is not always equable ; when 
at a high temperature, a further addition of heat will 
^ause ^eater expansion than at a low one; but this 
does not apply to gases j they expand equably. 

The expansion by heat, and contraction by cold, of 
bodies in the solid, fluid, and aeriform state, is easily 
shown by experiment. 
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A bar of iron^ made to fit into a g&tige, With eaee^ 
when coldj will, when heated in it;»no longer fit it, bit 
will become so largCj tliat it cannot entar it. On*eing 
coo-ledj it will resume it* former dimensions^ and again 
fit the gauge. If the bar ITe made to fit the gauge, at a 
temperature approaching to redness, so as to reftain 
fixed, it would drop out when cooled* In tJiis experiment, 
however, it is important that the tempeTature ofr the 
gauge itself shouhl not be rfhangech 

If a glass flask with a long ifieck, and 
filled to A with cold wat^fbe healed^ the 
water will begin to rise in the neck, and, 
after some time, the vessel will be com-* 
pletely full: when cold, the water will fall 
back to its former level- * This involves 
the principle of the thermometer. 

If an aiT-.tight metallic ves^, con^^ 
talning water as high as A, all the rest 
being filled with air, and having a tube, 

B, descending into the water, furnished with a stop-cock 
at C, be heated until the air become hot, its teneftney 




to expand will increase its elastic force so much that it 
will press ao strongly on the suTfao| of the water, that 
when the stop-cock is opened, a jet of water will be 
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pTojectod to a great distance. When coldj the air 
will sbrinlc to its former volume; and if the stop¬ 
cock fie ojKoied cvhilc its jet-pipe is immersed in water^ 
a quantity of water will rush i«, to supply the place of 
that which the ^tir had e3fpelled. A bladder partly 
■fiUeS with air, if held before the fire for some time, 
wilt appear fuli; but, on cooling, it will shrink to its 
original bulk. Air and all vajHJurs and gases expand 
by beat equally : the rate part of their whole 

hulk for every degree o# the thermometer. 

In ail these cases, tlie addKion of heat caused expan¬ 
sion, whether the ^>ody concerned was soliil, liquid, or 
athiform ; and its abstraction occasionerl diminudon of 
volume- But diminution la not caused alone by the 
abstiaction of that quantity hf beat which bad been 
added. If the body be cooled lower, for instance, 
much below the natural temperature of the surrounding 
mediumj tlie particles composing the body approach 
still nearer each other, and the contraction increases^ 

As expanstou and contraction are, witli a few excep¬ 
tions, invariable results of increase and diminution of 
heat, expansion lias been made use of as the measure of 
heat, and the principle is adopted in that simple instru¬ 
ment called the thermometer. The thermometer is no 
more th^n a glass tube of very small bore, with a bnl^ 
blown on its end. Tbe*bulb and part of the tube are 
filled with mercury; and whAi heat is communicated 
Jo the mercury, it*expands and ryses in the tube. The, 
height tu which it rises is tb^ measure of tlie heat; or, 
in other words, th# more or less the mercury rises, 
the greater or less is tlie intensity or degree of the heat. 
A scale is af^ved, on which different degrees are en- 
gravecl; of these degrees, two are the representatives of 
“'cerUin remarkable phenomena constant in their agency 
and immutable in their period of occurrence, namely, 
the ^points at which, under certain circumstances, dis<> 
tilled water freezes and boils ; ali the rest are arbitrary 
divisions of the space between these two invariable 
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points* Different flivisions are adopted in different 
countries ; a circumstance to be lammted^ as comparison 
of tempeTatuccR thus becomes inconvenifnt* 

Water, at certain tefriperatiires^ furnishes an ex¬ 
ception to the Jaw of expansion by*11 eat, and con¬ 
traction by cooling^ which is ■well worth con side ratfon. 
If a glass flask, witli a very long neck>be fiUtxl with 
pure water at to the midtUc of the neck, a ther¬ 
mometer being immersed ’ *and if some of the means 
hereafter described be used for*gradually reducing its 
temperature; it will be fcftiml th*at,^in proportion as 
tha water ct>ols, it contracts and sinks in* the neck, 
until tbe thermometer arrive at T^e cooling 

process being continued, the water, instead of con¬ 
tracting still more, begins to rise again in the neck, and 
continues to do so until tlm water freezes, aftd then it 
suddenly expands much more- Thus 39^^ is the ther- 
momotric degree at which water is at its maximum 
density; above or below that, its ilensity diminishes: 
and hence it is obvious that ice is specifically lighter 
than water; this is the reason that ice floats on water. 
Or. Tlioinson found its specific gravity that of 

water being DOO. 

The expansion of water in the process of free slug 
was discovered by Paulo del Buono, an Italian jphiloso- 
pner ; and tbe fact was published ^y his associates of the 
Acmdemia del Cimento (Society for Ex^riment). This 
has been long known^ but it has escaped observation, 
that tliese academicians had also made an experiment 
which evinced that tlie maximum density is above the 
freezing point, although Ihey drew a "wrong coiv^Iusion 
from it; anti of this any one may oonWnce himself, 
by considering the experiment detailed at p.lOfi* of,tiieir 
Transactions* They also proved tlio enormous force 
with -which water expands in the act of freezing: 
spheres of glass, silver, and goltl, were burst by the 
contained ice. A sphere of brass was'burst in Lhis 
manner, which Muachenbroek calculates to have re- 
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quired a press^iTc from within equal to \2^^20 pounds. 
Other striking results have since been obtained. 

having baen already shown that the addition of 
heat expanda bodies^ and thatCts abstraction diminishes 
them in voluniei'it follows, ^aa a necessary consequence, 
thav heat lessens density, and tliat cold increases it. If 
a vessel he hllf^d to its brim with cold water, and heat 
apphed^ the vessel soon begins to overflow^ because the 
water expands* When the water comes near its boil¬ 
ing pointj the vessel s^till remains full, although miich 
has left it. The particles of the water must, then, have 
been repcilfcd by ttie heat to greater distances from each 
other. But if the vessel, now full of boiling water, be 
allowed to coolj the water shrinks below the brim of the 
vessel j for the heat or repulsiVe quality being dissipated, 
the par ticks of the water resume their original distance 
from each other. Tlie consequence la^ that hot water 
weighs lighter than cold, the bulks being alike ; as is 
easily proved by pouring a pint of boiling water into 
one basin of a pair of scales, and a pint of cold into the 
other; the latter will preponderate* It is hut another 
mode of expressing the ^mc fact, to say that hot water 
is specifically lighter than cold water: and the position 
is equsdly true with resjiect to all bodies, whether solids, 
fluids, or airs* The change <jf density, according to ih^ 
change of temperature,*^' is easily proved. Let a hollow 
glass ball be so prepaml that it barely sinks in a vessel 
^of water at the temperature of ^^0^* If iced water be 
poured in, the density is ^increased by the cold, |nd 
the ball, ndw specifically lighterman the water, ascenda 
to the ^p. If hot water be^ added., the density is les¬ 
sened ; the lytllj rendered specifically heavier than the 
water, sinks to the bottom ; and it may be made to rise 
and fall alternately. 

The foregoing considerations enable us to obtain 
some insight into the structure of matter, s^nd to apprtv 
date the value of Boscovich's theory, so far as it need 
be applied to the^ facts which have come under oh* 
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servatiOTi, It W4s shown^ when noticing the theory 
of thut pliilosopher, that the particlijs of matter are sup¬ 
posed to he repulsive of each otlier at [NTiail distafices; 
attractive at di^ 1 taIicea a little greater; and at still 
greater di^htance&j once in on repiilaiv'e.* It appears tliat 
tile repulsive agent concerned U caloric, and that its o|)er, 
alion is a counteracting force to the attraction of cohe¬ 
sion, Solidity is, therefom, cxiiressed by the follovtlng 
couditiou : —- the constituent particles of matter are kept 
at a certain distance from each other by two forces; co¬ 
hesion, which draws iliem logethef, ami calorific repul¬ 
sion, wliich keeps them aisunder ; and their actual 
distances from each other are precisely between the 
limits of tiler two forces: this is the equilibrium^ bf 
JJoscovich. The additionartificial heat, by increas¬ 
ing the repulsion between the particles, inus^ augment 
the bulk of tlie solid, the colicsite force being ao far 
weakened ; and the abstraction of lieat, by lessening 
the repnlsicn, must permit the cohesive force to act with 
more energy. It may, therefore, be laid down as a 
trutli,. well ascertained, that the effects of caloric anJ of 
cohesive attraction are opposed, aud constantly antago¬ 
nise each Dtlier. I am not aware that the following facts, 
which are highly ilimstrative of the subject, have been 
observed by othcia^ At page 12* a figure is given, re- 
pfeaenting two pieces of lead, witk aiicale-paw amfweight 
at tad 10 ( 1 , slmwing die foffce of tlje cohesive attraction* 
If, while the scalc-pan^s well loaded, flic pieces of lead 
be heated, their attracllon lessened by the rf^pulsive 
ageilcy exerted by the heat, and the lower pie?e falls off. 
I'hc most convenient mod# of beating the two plates of 
lead is, to direct a jot of burning hydrogen, ^iressed from 
a bladder fumisliod with a. stop-cock and pipe, upon the 
junction of the plates. The heat need not be very gr&t. 

If a wire of zinc, about 2 inches long and y^th 
of an inch thick, be supported at both ends, while 
a long wire bangs from its middle, Eustaining about 
7 avoirdupois pounds; and if, in ihl» state of things, 
a fiame be held under the zinc, ita attraction of cohedon 
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vrill ht m far antagonised by calorific repulsion that the 
zmc will first benrUa little^ and then suddenly break m 
two I but there^wiU not be the least symptom of fiisioi}. 
If an empty glass globe^ within long neck^ be set on a 



polished brass ring of a chemical atand, on which it 
merely rests without fitting down into it more than an 
inchj the neck forming an angle of about 45“ witli the 
horizon^ it will rem^n in that position while it is cold* 
But if a voluminous flame of a spirit lamp be applied 
far below, yet so as to heat the globe and the ringjftuch 
a repulsive force will bo generated between the glass aSd 
the brass, and their contact with each other will be to 
far lessened, that, after some tfine, the long neck will fall 
^ down, provided that the original posture of the globe 
was bab^nced so exactly as Jo be overset by the smallest 
disturbandbi If a few drops of be let fall on a 

very hpt iron plate, they gli^le over it in all directions 
with amazing volubility ; and they do not adhere to it 
as tliey would were it cold t for repulslou acts between 
:them. Or if ardent spirit be made to boil gently in a 
glass flask, globules of perfect sphericity will dance over 
the surface without coalescing : for they repel each other 
as well as the surface over which they glide ; and they 
are sphericelj owing to the cohesion of the liquid, which 
IS not counteracted by any attraction from the surface 
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beneath* If a small disc of tin plate be hung from 
its centre by a 'wirCj ami if a f^ititolar disc be ra|de to 
adhere to the under surface of the forrrter by the intcr^ 
position of a few drops ^ water, and pressing the discs 
moderately until they atlhSte, they will remain in con¬ 
tact, Hut when the heat of a spirit-^tamp is applied 
underneath, the col^esion of the water vdli be so much 
weakened, that the lower disc will immediately fall^lE 
The expansion producedTin bodies by the addition of 
some heat, and the coti den nation ftr contraction occasioned 
by its abstraction, !iavii,g been so* far iiivestigated, it is 
next to he enquired what other effects may be produced 
upon matter, in its three states of existence, 1^ a further 
adtiition or subtraction of heat* 

If a piece of lead be lieated, tlie first effect of the 
repulsion is to produce expansion and dinminiition of 
density: the heat continuing to*increase, the particles 
of the lead couiinue to repel each other more and more; 
until at length they are so far* separated as greatly to 
weaken tl^eir attraction of cohesion: hence, tlic solidity 
of the lead is broken down and it melts. If tlie mSted 


metal be allowed to cool, the beat*or repulsive powder is 
witj^drawn, and the cohesive attraction of the particles 
Md is permitted again to exert itself: hence the par^ 
facies are drawn togetSier more and more as th^lieat is 
dissipated; and at length, whrti^the leath is cool, the 
particles have arrived af that contiguity to each other 
which constitutes solidity, aTid the metal is as hard and. 


as dense as before. * • 

In this instance, the heat necessary to liquefy the 
lead was necessarily con^derable : hut there other 
bodies which, under ordinary circumstance, are always 
liquids, as water; yet the analogy still holds: fejr, as 
the liquidity of lead is caused by Iteat, so also k that of 
water: if its temperature be sufficiently reduced, it will 
become solid ice ; and the only difference is, timt w,iter 
requires to be'cooled much lower than lead before it 


solidifies* 


I'he melting of ice is, therefore, explicable iu the 

£ ^ 
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manner as that of lead ; the first eiFcct of the heat 
is to ^ause repulsion-between the partidesof thekOj and 
this ROCS on until tl)e repulsion almost balances the at¬ 
traction of cohesion ; then thv solid ice breaks down 
into water* 

If wc continue the application of heat still further, 
the same process of expansion j^oes on ; the particles of 
wabLrj as the heat incroa'^es become more and more re¬ 
pulsive of each other ; and at length the balance between 
attraction and repulsitm is subverted, the attraction is 
overcome, and tht^^repulsion prevails over its antaj;onifit 
force* When this happens, the watery particles at once 
expand llyjmselvcs so far asunder as to alter altogether 
the state of the watcr^ which now is converted into what 
is called or vrtpotfr ; and the more this is heated, 

the more ♦t expands, unless it be confined. 

Steam, while hot, is in a state very liko that of the 
jitmosphere: its particles are at a much greater distance 
from each other than those of w^ater* If these particles 
be brought nearer each other, either by removing the 
heat which is the cause of their repulsion, or fojciitg 
them to approach hy mechanical pressure, they coalesce, 
and the result is water* 

It appears, therefore, that water is capable of under¬ 
going tjiree different changea, by being made to contain 
three difFcrfot quant|ties of heat. It may exist in the 
state of a solid, a liquid, or a vapour or air* In the 
a same manner various metals, sulphur and a vast number 
of bodiss, are capable of assuming these three states, ac- 
conling to tire degree of heat: and it is not only under 
some one or other of them flAat all the bodies in nature 
exist, but itfis supposed that every kind of matter is 
capable of assuming each of the three states, although 
as yet we do not, in every case, possess the means of 
communicating heat sufficient for the purpose* 

The sum of the preceding statements is, that all bodies 
contain a certain portion of heat, which, being natural 
to them, is insefisiblc unless called forth; that if to a 
solid a EU^ciency of heat be communicated, it melts and 
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becomes a flukb If another portion of heat be added, 
the fluid boils aivay, or evaporattfi in the form of a 
vapour, or gas. The question then occftrs, If boffies be 
deprived of their heat, do they pass retrogressively into 
the Ollier states ? and tlie* answer invftt be afFinnutivej ^ 
provided the bodies can be Ruffieieiilly cooled. Thfls, a 
solid that lias become liquid by heat, wUl again become 
solid by cooling ; and a vaj>our, if cooleil, will bcemne 
liquirl or solid, according to its nature. Hut there are 
some vapours which cannot, byVny attainable degree of 
coldj be made to chang^^'their fony : these are wliat 
are calleil permanent gases, of ’which the atmosphere 
is an instance. When a body becomes solid^widcit was 
not previously so, no matter liosv the change has been 
effected, the heat that ?onslitoted the previous state 
is liberated. When a gas becomes a. fluiil*OL- a solid, 
heat is always libcaated and reiulered sensible; and heat 
is also liltciated when a fluid becomes a solhl. These 
important laws can be illustratoil by experiments easily 
executed. 

The substance hnown in the arts under the name of 
sal ammoniac is a Ijarih white solid, having a ci ystaU 
line texture. Notwithstanding I he hardness ami heavL 
ness of this substance, it is composed of two different 
Jcitids of air, or, as chemists call it, ga^j; ami is easy 
for oven the iiiexperienejd to rfej^lve it into its two coti- 
stitneut gases, by processes which, although lie may not 
as yet understand, lie can execute. These gases ar® 
known to chemists by the nume of muriatic acwl gas and 
amumniacal gas. If powdered sat ammoniac be mixed 
with oil of vitriol in a A>minon phial bottle, the phial 
wilt shortly be filled with vapours.. If a aork be adapted 
to the phial, and a slender glass tube be flitcd ti^ht in 
a hole bored through the cork^ and if another phiaij 
perfectly dry, be inverted over the former, so tliat the 
glass tube passes up a few inches into it, the vapm r will 
enter the second bottle: after some time, it will expel alt 
tile common air with whieli the Ubttle was originally 
filled; and the bottle will now contain nothing but mu.- 
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riatic aciil gas. If a bit of ice be thrown into this 
bottle;^ and the hottlb corked, the ice will immediately 
melt, and the ga% will all disappear* That it has dis¬ 
appeared may he proved by suddenly drawing out the 
, cork ; for commoil air will rush into the bottle with such 
violence, that a slight report will be produced- The mu¬ 
riatic acid gas h^,in short, entcretl into the ice—it has lost 
its fdtm of gas-—it has become a liquid; and, in so doing, 
it has parted wdth the heat which causetl it to be a gas; 
the liberated heat entered tlie icc, and melted it into 
water. The experiment can be made in a much more 
elegant and convincing manner; but to do so would 
render the description complex and the execution trou-* 
blesomc* 

The other constituent gag may be separated from sal 
ammoniac fey mixing its powder with a little slaked lime, 
heating the mixture in a bottle, and inverting a dry 
empty bottle over tiie glass tube^ as before. If a bottle 
filled with muriatic aerJ gas, and another with ammo- 
niacal gas, be closely applied month to mouth, so that 
the two gases can mix, but not escape, it will be found 
that, from being transparent and colcmrless like common 
air, they will, in mixing, immediately change to a dense 
white cloud, at the same time that the bottles will be¬ 
come wapn* After some hours, tlie white cloud will 
subside into tlnn, soltd coaling on the sides of the 
bottle, which is, in fact, the original sal ammoniac, re¬ 
generated from its two constituent gases. Thus, the 
gases, wheri^mixed, pass frwn the '^seous to the solid 
state; in tloing so, they both part with the heat which 
caused them to be gases; and^his heat is so great as to 
warm two conwderable masses of glass* We have now 
to e^^eraplify the case of a fluid passing to the solid 
state* 

A familiar instance is the slaking of lime. If on a 
piece of well-burnt roche-iime, its bulk of cold water be 
poure^l, it will be soaked up, and the lime will appear 
as dry as ever. Irf' a few minutes the lime will swe31 
up, bursty and become hotter tlian boiling water, and^ 
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clouds of scalding hot Btcam will arise from it. In this 
case the water lost its fluidity^ and formed a dry powder 
with the lime; the heat which caused the water (5 be a 
fluid was extricated^ and it was sufficient to raise the 
temperature of the whole lAass coLiside#ably. 

The last instance which shall be adduced is an ailo¬ 
gons onCj and is that of a solution of Gibber’s salt in a 
ghfsa globCj described at page ![), This liquid^ as* has 
been already mentiooedj frill not crystallisOj or pass 
into the solid state^ until tlie vessel is shalcen or opened^ 
or the surface of the soli^i^n couched; it then suddenly 
becomes solid^ and the temperature rises. * 

Conversclyj when a solid becomes a fluid, or when a 
fluid becomes a vapour, or a gas, it might, from the 
foregoing facts, be antic;(^tcd that heat would disap¬ 
pear : it accordingly does; and so mucli oS it is ab¬ 
sorbed and concealed, that the bddies concerned become 
colder than before, * 

Thus, let pound of newly crystallised common 
Glauber*s salt be reduced to fine powder and thrown 
into a thin glass basin, with 15 ounces of nfuri- 
atic acid, and let the whole b(! immediately stirred 
round with a glass rod; the powder, from being a solid 
(for its particles are solid), dissolves, —that is, passes to 
^he fluid statOj^ and this it could not do without re¬ 
ceiving a supply of heat. Tim supply-is withdrawn 
from the whole contents of the basin; hence their tem¬ 
perature is reduced; #Tid so coM do*es the mixture he-^ 
^ come that a tube closed gt one end, filled with water, 
and immersed in it, will immediately freeze, even 
during the heat of sumufer. The heat thus w^hdrawn 
lias entered into the solid particles of G^iuber s salt, or 
the solid water contained in it, and they, in coiise- 
qu^e, have assumed the liquid state; while the Beat is 
concealed or absorbed in some way that is not easily 
comprehended. Or, if snow, ami half its weight of rurn- 
tnon salt, be suddenly mixed, they immediately become 
liquid: and the mixture, if the ingredients were ori¬ 
ginally at the freezing point, will be reduced to or 
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40° below it. Professor Braun fro^c mercury with a 
mixture of snow and nitric aeiiL The same absorption 
of heit takes phice witli certain metallic mixtures: if 
207 j?raitis of jeacl, 118 of tin, and 284 of bismuth, all 
in filings, be miml with I6l7 grains of mercury, tlic 
* teml/Crature will be lowered from 64*^(,to 18°-* It is 
only some metals that answer this purpose- When gold 
and jnercury are combined, heat is produced. 
hurghj^ Phiifisoph. T^^arts,^ iVb*122.) 

The most common iiistance of the conversion of a 
fluid into a gas evaporationj and to prove that heat 
is witlulrawh from tlie botlies concemetlj and cold pro- 
duccdj a simple experiment will suffice. If some strong 
t ether he poured on one*s hand, it instantly evaporates,— 
that is, changes to the state of vapour ; and as in order 
to do thiSjiU must derive a supply of heat from some 
source, it does so from the liaud, and there is a sen¬ 
sation of intense cold prmluced. Persons who have not 
made such Hubjects a part of their study, are apt to con¬ 
ceive tliat there is an iiihcreiit coldness in the ether, and 
they are the less surprised. Tlie following experiineut 
seems sufficient to reitiove so erroneous a nofioti* Let a 
thermometer be plunged into a phial of ether for a short 
time; no change takes placo, proving that the ether 
possesses no natural coliluess : but let tlie thermometer beii 
taken out, and instant^ the mercury begins to sink, 
evincing that the cold was produced by evaporation from 
the bulbr If a very thin glass tube, closed at one end, 
and filletl with water, be wrappeifc.round with musJiuj 
and if the tube be frequently immersed in strong ether, 
aliowing^,what the muslin soakS each time to evaporate, 
the water in a ihort time will be frozen. Blowing 
air on it will even hasten the cooling, because it pro- 
' motes\he evaporation* By vvetti[ig the bulb of a theittio-^ 

meter constantly with ether, anti blowing on it with a 
bellows, Dr. Franklin sank it 25° below freezing ti and 
even witliout blowing, Cavallo sank it 4° lower. { 

• Frtr the prorlijrtinn ct dokt* Mr^ Walker, formerly an ajjothecaiy at 
Okfurcl, h±i!» given Vdrmus nf freeiuig mixturea. 

f lilKpunmeabb ond Oti&ervatioiis, p, ) PhiJo^oph, Tram. 1731. 
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On the principle of evaporation^ coolers for wine or 
water are comn]Only constructetl. • A vessel made of 
porous earthenware is filled with wlter, wdiicfij by 
soaking ihrougli and evaporating, keeps the water and 
any thing immersed in it ’cold, The*poroiTs vessels so ^ 
generally used if Spain, called alf'aj'ra^^s^ were iiftro- 
duced by the Arabians* In warm orkntai countries 
they have been usefl for centuries* • 

As cvapoiation takes place much rnore rapidly in the 
receiver an air-pump when tlte air is withdrawn^ the 
coltl prot^uced is the greater: but watery vapour 
must he continually removed by the constant action of 
the- pump, which is a difficult and imperfect mode. 
Leslie obviated this, by introducing some sitbsfancc which 
absorbs watery vapour rup*dly, as strong sulphuric acidj 
or certain earthy substances, in this way, by exposing 
a thermometer coated with ice, he promoted the evapo^ 
ration of the ice so rapidly that the mercury froze* Pro¬ 
fessor Coufigliachi, of Pavia, also froze mercury by the 
evaporation of water* 

V<i some cases, where a gas or a vapour is former! or 
extricated fiom a lii^uid, although cold is actually pro¬ 
duced, it is not sensible ; for an approximation lias taken 
place between the particles of the lic^uid ; it has become 
^(lOTc dense, and even this approach to solidity c||,nses an 
extrication of heat whiefj counrtiiibalariccs nhe cold, and 
hence the temperature is scarcely changed. This hap¬ 
pens, for instance, in die case of mixtures of substances* 
which occasion that kind of*apparent boilingJn*tbe cold 
called ejffi?rv('*scf;nrej — as wlien dilute oil of vitriol and 
common magnesia are mi fed fixed air is developed, the 
necessary heat being derived from the •liquid, which 
hence would become colder, but that it lias suffVrjd an 
increiise of density* Tho liquor h now less duid, that isj 
as might he said, more solid; heat is the coiusequeuce, 
and this supplies the place of the heat which had been 
withdrawn hy the evolution of fixed air. Indeed, there 
can be little doubt that in all cases inVliich cold is pro¬ 
duced during sudden liquofaction, and in which an in. 
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crease of density happenthe degree of cold is rendered 
less intense on acct^nnt of being counteracted by the 
evolution of sonle heat occaeionetl by the increase<l den-^ 
Bity, Such must be the case iti the production of cold 
^ fifona conceutratei^ nitric acid'and snow. 

!^OTn tile foregoing statements it app^rs that heat has 
the effect (if eifpandingj or, as it is called, rarefying all 
bodi'i^s to which it is applied; that tiie series of changes 
of form produced by this rarefaction is from the solid to 
the fluid, and then to die aeriform state. A solid ex¬ 
posed to heat first expands, aivtl then becomes a fluid; 
the fluid ttien expands, and at last in an enormous 
ratio, and ^becomes a vapour or gas ; which, if further 
heated, still further expands : but no other change of 
state hajipena beyond this, The converse changes are 
the contrat^tion or condensation of a vapour by cold ; a 
sudden contraction in an enormous ratio so as to form a 
Ut|uid ; a further contraction into a solid; and this may 
be still furliier contracted by a greater cold. 

It appears also, that during this series of changes of 
form, heat is either absorbed and concealed, or liberated 
and retulered sensible! 

Notwitl»standing, when a solid is about to become a 
fluid, or a fluid a gas, tile caloric, which is to constitute 
and be concealed in a new state, must previously pasR 
into the body in a sei\sible form; and the process by 
which it becomes quiescent, and afterwards sensible, is 
^^extremely curious. » 

We shall take water as tke b*dy in question, as it is 
easily made to assume the three Btates — ice, water, 
and vapour. If a tlierraoinetSr liave its bulb bedded in 
a piece of ice^ the instrument will indicate the temper- - 
ature^ of the ice: suppose it to he at that time 
Bring the thermometer, still immersed in the iceyj&into 
a warm room, the temperature of which is, perhaps, 70^, 
it begins to rise, indicating that the ice is receiving ca* 
loric from the surrounding warm air. The thermometer 
continues to rise, until it stands at 32^: until this period 
the ice remained hard and dry^ but at 32° it becomes 
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jnoistj begins to melt^ and this melting process goes tm 
until it is liquefied. Meanwhile thertliermometcr, which 
rose progressively until it arrivetl at 3S!°, stops there; 
andj all the time that the ice is slowly melting, re¬ 
mains stationary at that tfegree ; notwithstanding that 
another thermot^eter, hung up in the Toom^ indicates 
the air to be still 70^- As soon as the whole of the ice 
is meltedj the thermometer immersed in its water bt^gins 
to rise; and it continues to do so from until it ar-- 
rives at 70^, which being^the tAnperature of the room, 
it can rise no higher. It should 6e ^served that while 
tlie ice is melting, both the ice and the water are at the 
temperature of ^12^ i and the water remaiuE at .that degree 
while there is any ice unmelted. 

From this experiment, we may reason as follows: — 
When the ice at 20^ was exposed to an atji/tosphere of 
70"^, tlic heat of the air in the room entereti into the ice, 
and raised its temperature until the thermometer stood at 
32°f when it became stationary, • The first question that 
occurs is, Why did the thermometer remain stationary ? 
can we suppose that the beat of tlie atmosphere ceased to 
enter into the ice ? Such a suppointion must not be ad¬ 
mitted ; for then no reason could be assigned for the 
continued melting of the ice, and for the rise of the ther- 
Iftometer from 32^ to 70% after the whole wa^ melted. 
The only other way in Mjiich tlf^queslion Van be put is. 
Did heat continue to enter the ice, altliough it had not the 
effect of causing a rise of the thermometer ? It can 
shown that this is the truth. As soon as the ice rose to 
32° it began to melt, and continued to do so until it was 
all melted, when the tbel-momcter again hegai* to rise, 
because heat continually entered tlie ice ; hut, during the 
change from the solid to the liquid form, it was con¬ 
cealed in the substance as to be incapable of aifectiug tlie 
thermometer. Heat continued to enter until as much 
was absorbed as was necessary to convert the wIic^l^ into 
water; when, there being no longer any ice to render 
the concealment of caloric necessary* the latter entered, 
became sensible, or free, and then affected the thermo- 
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meter. However tlifHcult it may be to conceive how 
heat can bo entering'into the ice at the moment of melt¬ 
ing without raistug its temperature, it is certainly true, 
anti can be proved by a very‘satisfactory experiment* 
Take a pound of Icc^ broken small, at the temperature of 
32°^'which it will exactly reach if exposed to a some¬ 
what higher temperature, until it begins h> grow a little 
inoiRt; to this pound of ice, add a pound of water heated 
to 17^"^ ; niix them together? tbeice immeiliately melts, 
and reduce-i the temperature of tlie winter from 
to 32*^, which was its*own original temperature. What, 
then, ha-i become of the 140° of heat lost by the hot 
water ? Til ere is no other way of explaining it, than by 
admitting that this quantity of caloric has entered tlie 
ice, has become concealed in it, was just sufficient by 
Its concealed existence to convert that much ice into 
water* and was the exact quantity which would have 
raisc<l an equal weight of water 140°, although it did 
not heat the ice at all. 

Perhaps the following experiment is still more strongly 
illustrative of this doctrine:-—Take a pound of water at 
32°) and a pound of'water at 172 °; mix them, and the 
resulting temperature will be found 102°, the arithmeti¬ 
cal mean, or midway number; for one has lost as much 
as the oljlier gained* Bu^ substitute an equal weight of 
ice at 32° fur water H 32°, and the TcsuUing tem¬ 
perature will be still 32°- The difFercncc, therefore, 
Jictween a pound of water at 32° ^and a pound of ice at 
32° is, that^ the former not anlf contains as much heat 
as the latter, but such an additional quantity as ivould 
be aileqvate to heat another pouhdof water 140°, although 
it is concealed. 

It appears, therefore, that when ice arrives at 32°, and 
the thermometer ceases to rise, a great quantity of heat 
must enter it before it can be converted into water: and 
that whatever heat is required to raise ice at 31° to water 
at 32°, is vastly greater than what wauld be necessary 
to raise water froiif 32° to 33°, or ice from 31° to 32°; 
and, to conceive the change more precisely, it must be 
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un<lerstood that the whole quantity of caloric thus re¬ 
quired is employed, m converliug at C2° into water 
at - 

Were it not necessary to the Hquefaction of icC;, that 
a large quantity of heat should be a^orbed; and were 
the opinion true, w'hich pievailed pieviously to the cfa of* 
lilackj that the change of ice at 32" int^j water requires 
but a very small addition of heat; the consequejiceSj 
says that celebrated philtftophei'j would be dreadful: 
torrents and inundations arising^ from tlie sudden melt¬ 
ing of snow and ice tvouhl be inesistible; tl^ey would 
tear up and sweep away every thing*—and^o suddenly^ 
that inankinil could have great diHiculty to escape their 
ravages. U is the same slowness of liquefaclion^ he 
observes, which enables ifs to preserve ice in sum met in 
iceJumses ; and the melting is still further jre tar tied by 
the difficulty which cxfenial hcit experiences in pene¬ 
trating the building. Snow continues ou many moun¬ 
tains during tlie whole summer in a melting states but 
mohing so slowly that the whole of lhat season is not a 
suHident time for its complete liquefaction,— 

Lrrti/rej^j i. 118.) * 

Mercury in this respect resembles water in its habi¬ 
tudes. A mass of frossen mercury^ with a theimometer 
^includedj if brought into a warm room, will rif-e to 39® 
or 40*^ below zero, and remain during the t^ioIc time 
that the mercury is melflng; for^this is its freezing point. 
Let us now follow-up the original*expenmeut a little 
further. The ice having Jieen all melted^ amj the ther¬ 
mometer having ascended from 33° to 70Vwhich is the 
temperature of tlie roonif no further increase of temper¬ 
ature can take place unless artifidal heat ht^conimimtcated. 
Jf the heat of burning fuel be applied^ the thermome¬ 
ter again begins to rise, and at length reaches thS tern- ^ 
peratnre of 212®, But here it stops j and, as happens 
in the case of the melting ice, no heat that can be ap- 
pKed will raise it a degree higher. A new process now 
sets in; bubbles form in the botto«[i of the vessel next 
the source of heat; they rise to the surface, break, and 
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discharge steanij which ia, in fact, a gas coinposed of 
particlea of water with caloric, and so highly re¬ 

pulsive of cachr other as to occupy no less than 1720 
times * more space than the opiginal water. Hence its 
extreme lightnes|, and thinness or rarity. This form- 
aticfA and discharge of steam-bubbles constitutes what la 
called the hnUir^ of water* 

Huring this process, the steam forms continually; and 
its temperature, as well as ^that of the water, is conti¬ 
nually 212°: the water, therefore, when it arrives at 
that degree, undergoes a change of state; calorific repul¬ 
sion overccftnes tHc cohesion of the water; steam is 
formed ; and all further addition of heat enters into the 
same hind of concealed existence as it docs in melting 
ice, and inatead of raising the temperature, is expended 
in formint^i steam until the whole of the water is boiled 
away. But, after this^ absorption and consequent con¬ 
version into steam, heat may he applied with effect, and 

• Thift dctcrmlTiatlcMi It so irifTurent^lVom what is infeTTitjr& from the 
expCrjmt^ntA nf Giiy-LuHiiiiCt vii Vm'i anil nt (ate? Them- 

tGn Ifesi, }, that it is ncc'PAHary to otiiJaLTL thy Tnyrnorm which I 

deduce it< My calcnlatloti is fouiulod on the supjiOhctLOtr that two iuIuitlc 4 
of liydroitcii and one of ouygipn contnu.! intu voli^incj; whci^ they enm-^ 
hinev And this la the only tini>post]rion that U comikatihle inih the 
ejcperiiincnt made by Gay-1 on the expanvioti of 'wAter mto steam. 
TThe other elements are thespccifin Ktavjties whu-h I hiToalVer ussign to 
oxygen and hydrogenj for reations stated^ and the weight of a cubic inch of 
'Water Jately adopted by the Jeffi^laUirCj vi?, 45S grams at j wr, cor¬ 
rected by tables, 25415(jy7 i^rains at 6U° 

^0 cut)ic inches of Jifdnigcu n 4 Q-'W grnin& 

IOC - - foxjgcd m. 3jyiS3 


S) 3S-iS47 

^ - 

f' Hence 10-0773 ; lOO :: S!H'3G6 : 1333 ^504. 

A cubic in^h of water at would^ tlieR*fore, expand into 7323-^04 cubic 
Inched at —we may soennsider jt^nr the calcutatinn ; and this, heated to 
Sm®* would expuiuti into Z7J9'7fcifi cubic inches. The «|iecihc gravity oC 
Iteatn At 1 ^, thereffire, D'4TI^ i^mp.ired with air at bCP ; aTKl IIX^ cubic 
inches t-f it weigh WiiMJ, The spccidc grtvrty of steam compared whb 
air of the same tempemtuire as itself is ainl ICXI cuhie jHches of 

ateam at 60^ would weigh 19'(17T3 graini. 

If this calculitiQii beiFcn found^,ptofeAsor Kr»bi son ^acGtlniato, averaged 
froTA Mr. Watt's expernnenti, that a cubic inch of water forms a cubic ioo| 
(179B cubic inches) nf steam at ia very near the truths But Dr, Stack 
■ayi. more recent expertmeutt by Mr watt mebe 17130 nr ratfiEr more, 
but ne U not perl^tly In hU epitilon.'^^(Z,^c/uH'r, k £07 ) Tbit i* 

exarllj my estimate, aiid the eoiitcLdenee between caJculAtlon and oxpcru 
raeut is very striking. 
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the steam, by being enclosed iit a proper vessd, may be 
made to raise the thermometer higher in proportion to 
the' heat applied, * ^ 

ThuSj in the heating ^of water between tlie tempera¬ 
tures of 32° and 212°, t^pre are two distinct stages at 
which remarkable phenomena happen* At 32^,^ the * 
thermometer reinains stationary, and will not rise a de¬ 
gree higlier while any ice remains uni n el ted; after this, 
it ascends until it arrives where it G^ain remains 

stationary* , 

All the time that the thermom^er stands still, heat is 
accumulating and becoming concealed; during the first 
stage in the water produced, and during the second in 
the steam; and the heat that is tlius accumulated and 
concealed is what constij^tes the fluidity of the water 
and the vaporific form of the steam; hence tlic terms ca¬ 
loric o/ slihI caloric o/ va^rijfiitionj Vflicli merely 

mean the concealed heat of water and steam* It is, chere^ 
fore, no more than what might be expected, that water 
contains much more heat than ice, ami steam much 
more than water. * 

Although it has been stated fhat ^vater cannot be 
heated beyond 212°, on account of the change of form 
which it undergoes and its conversion into steam, this 
statement is only true under certain limitations; it is 
•necessary to the protluction of speh eifccEs that the steam 
should have liberty to etcape. if It be under sufficient 
constraint and cannot escape, and if the containing vessel 
be full of water, steSm wiU not be formed; the watef 
must then sustain all the jllditions of heat,iaifd its tem¬ 
perature must rise pTOjjprtionately. In this way the 
,w^tcr may be raised to any temperature, provided that 
the vessel is dose and sufficiency strong to resist the 
violent effort which the water would make to form«team* 
According to Muachenbrock, lead mcha in the water of 
a Papin's digester when the water is heated under due 
pressure- Lead melts at 612 °* When water under 
pressure is considerably heated, if |lie restraint be re« 
moved there will he a sudden formation of steam; a 
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quantity of steam will fecapej a proportionate quantity 
of heat will be absoijbed from the waterj and will become 
concealed in thq steam, and the temperature of the water 
will immediately fall to 21Js2*^ because all the heat 
above this quai^tity was absorbed by just as much 
* waur as it could convert into steam * 

But in making this experiment, it the quantity of 
watfr contained in the close vessel or boiler do not ex- 
cec(l one fourth of the wlude volume of tlie vessel, the 
results will be very different. In this case a temper^ 
ature of about 680^ v'ill convert the whole of the water 
into steamy for, 'notwithstanding the great pressure 
wdtich exists in the vessel, and which opposes the form¬ 
ation of steam, the tendency of that high temperature to 
produce the elastic state is edequate to overcome the 
opposi tion the pressure* Intermeiliate ratios of w&ter, 
compared with the volume of tlie containing ves^jel, will 
afford corresponding ratios of steam, compared with the 
unchanged residual volume of water. The same holds 
good with other liquids, except that tlic space occupied 
by the vapour, and the temperature necessary for its 
formation, so as to overcon^e the pressure, will be dif¬ 
ferent for each. 

Thus, when water is exposed, under ordinary circum- 
Stances, to a sufficient heat, it is the easy escape of the 
steam tlfat pi;cvents th^ healing of the w^ater beyontf 
312“^; but when the sAam is (Siiifined, the temperature 
may be elevated above that pointy in proportion to the 
Yarce which confines it; from tliis elevation, however, it 
immediately* desceiids again to 219^, as soon as the 
steam is at liberty to form, the quantity of beat which oo 
casioned the iijcrease of temperature being thug removed. 
It should here be observed, that 313^ is the boiling 
point'of water only when the barometer statids at 30 
inches : at 31, the boiling point is 213'76: at 29 j it is 
but 210*19 : in a common vacuum, it is 70^* 

It is now of importance that we ahould take a survey 
of the two procesEj^s which are opposed to the melting 
of ice and the vaporisation of water; namely, the con- 
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denattion of steam and the frying of water j and It 
will appear tLat the phenotn£na.of^th are precisely in 
accordance with the facts detailed on th6 converse side. 

Since water at absorbs a large quantity of Jieat, 
which converts it into but not sensible to ^ 

the thenhometerg we might expect that a given weight 
of steam at should contain^ and would eom^ 

municatcj much more caloric than a similar weight of 
water at SI2^, This isj accordingly, the case: for if 
a pound of steam at 212® he received into B’B6 
pounds of water at S2^, the fcrnter^ill be condensed 
into water ; and the whole, amounting to 6*56 pounds 
of water, will have the temperature of 212°. The tem¬ 
perature of the steam (now water) has not been reduced, 
yet 5*^56 pounds of water have been raised from 32° to 
21^5pthftt is, 180° for each pound, or 1000^(180° x 
in alL Had a pound of waW at 212°^ Instead of 
a pound of steam at 212^, been mixed with the 
pounds of water at 32°, the resuking temperature would 
, only have been 64° h^ad of 212°* Hence the num¬ 
ber of degrees of heffwliich steam at 212° contains in 
a latent state, and which does not elevate its temperature, 
is 1000. 

If the temperature of the water be now reduced, it 
Tjfll sink progressively to 32°, or the freezing point: 
but at this degree, it will be reCqiflected that ice begins 
to melt, and in so doing absorbs and conceals a very 
laige portion of caloric ; consequently, when the water ■ 
is returning back to the sta*e of ice, we should expect 
to have this portion of caloric liberated and rendered 
sensible. Accordingly thift happens ; and that it does, 
the following Vactfl are suflftcient proofs : ^ In the cooU 
ing of water. It may be reduced many degrees h^Iow 
32°, without freezing, provided that it be not agitated, 
and ■ that it is kept perfectly still: Dr. Thomson 
cooled it aa low as S°. Suppose, then, thit its 
temperature is reduced to 20° without freezing. If 
we communicate a tremulous motiolF to the water, a 
great portion will be suddenly converted into ice; the 
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quantity will, according to Thomson, be proportionate 
to the previous coldjcss. Ihiring the freezing, the ca* 
loric- of fluiditj' will he liberated in such quantity as 
will raise the whole temperature to 32® ; a clear s proof 
, that the concealed caloric (if the water was extricated 
ancT rendered sensible so as to raise ^ the thermometer 
12®. Similar' phenomena have been observed in the 
soliilification of other substances which remained fused 
at the temperature at which* they naturally become con<- 
crete. Mr. Keir states'*, that sulphuric acid, when of 
sp. gr.l'78,the density at which it most readily freezes, 
may be cooted to 29° without doing Agitation then 
makes it suddenly freeze, and the temperature instantly 
rises to 45®, its freezing point. 

That water in the procesS of freezing parts y^th a 
quantity ^ heat, which had been latent in it, is |ft{pved 
by the fact that, in order to he reconverted into water, 
solid icc must receive a large supply of heat from some 
external source. If this quantity of heat derived from an 
external source must be combing with the ice in order . 
to convert it into water, it is very obvious that, in the 
contrary process, the water must part with the same 
quantity of heat in order to be restored to the solid state. 
The heat parted with by the water is not sensible in the 
ice, because the temperature of the latter is not liighfT 
than that of ^the foT][:i\el': it is not latent in the ice^ be¬ 
cause, if it were,^the ice would contain sufficient lateiVt 
« heat to liquefy it, without the ^necessity of deriving a 
supply from any external rource, which ii^^icontrary to 
established fact. 

It is owing to the large qdkntity of latent heat given 
out in the p^'oeess of solidification, that a considerable 
peripd of time is occupied in the congdation of a mass 
of water exposed to an atmosphere below 32^# The 
process commences by small portions of the water shoot¬ 
ing into crystals of ice. These dismiss their latent heat, 
which becomes for the moment sensible in the sur. 
rounding water, and still keeps it in the liquid etcKOi. 

* FhHoiophlcal TransacUonv 1737. 
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The water^ howevet^ prewntly imparts this heat to tlw 
air; and the temperature being «gain lowered, new 
dtystals of ioe are produced, and heat j^ain developed: 
and this process contmuds until the water is completely 
•olidified, ' • ^ 

It may be pqp^ed in the most direct manner, that 
while water is' undergoing the ^process scf rongelation, 
and is maintained at the dxed temperature of 3^, it 
constantly dismisses beat; fchich is received by the but- 
rounding %£r, and becomes sensible in it. Let a highly 
sensible thermometer ^ placed ^ver a ^vessel cotu 
taining water exposed to an atmosphere below : while 
the process of congelation is going on, the thermometer 
will be continually affected by a current of air proceeding 
from the water upwards, and it win indicate a higher 
tem]^rature than the temperature of the sftrrounding 
air. It appears, therefore, that the water in the 
process of congelation imparts to the air immediately 
above it the caloric of fluidity which it dismisses; and 
that the air, tbps becomitig lighter than the sunroun^ng 
air, ascends. 

From all that has been said, 
it ia now manifest, that when 
ice melts caloric is absorbed, 

'^ahich does not affect its 
temperature; and, convepely, * ■ 

When water becomes iee, ca¬ 
loric is liberated, and becomes 
sensible in tbe surrounding sir. 

When water becomes etram, 
caloric is similarly absorbed, 
and does not aSfbct the tem^ 
perature; and - when steam 
becomes water, its concealed 
heat is extricated. A 

The annexed figure reprew 
sents a simple apparatus adapt¬ 
ed for expfkments of the moat * 
impTeBsire character. It must 

F 2 
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be made altogether air-tight* A is a sphere of copper 
containing coarsely powdered ice< B is a thermomecerj 
with its scale en^aved on the stem; its bulb is immersed 
in the ice: it is fastened into the neck of the sphere by 
^ me^ns of a perfoc'ated air-tight cork. C is a stop-cock 
communicating with the interior* Suppose thatj at the 
commencement of the experiment, the mercury of tlie 
thetsnometer immersed in the ice stands at 10°. The 
■ heat of a lamp being applied, the temperature of the ice 
rises gradually until it reaches and then tlie thermo^ 
meter ceases to riBg hi|fber. Meanwhile, the iee begins to 
melt, and, after some time, it is all converted into water* 
As soon as this happens, and not until then, the thermo¬ 
meter again begins to rise ; it continues to do so until it 
reaches 21 and tlien it stands still again, provided that 
the stop-c6ck C is open. For now, the heat enterhtg at 
tlie bottom, passes intb tlie water, and joins or combines 
with some so as to form steam* The steam is formed in 
bubbles, like those of air, at the bottom of the vessel, 
and^ rising to the surface, issues with force through the 
atop-cock : nor can any application of heat bcneatli raise 
the thermometer higher, so long as the steam can freely 
pass otf. Let the stop-cock be now shut: the thermo¬ 
meter will instantly begin to rise; for the heat that 
previously passed off in the steam, can no longer c^o 
so; it must; therefor^,* remain in its sensible form in 
the water, and the temperature would continue to rise, 
*if the heat beneath were sufficient, until the whole 
apparatus would burst in ^lieces with thet force of a 
bomb* But it is not safe to let the thermometer rise 
more than as many degrees a^ill prove the fact* When 
the tbeimoiu^ter indicates that the temperature of the 
wat^ is 232°, let the stop-cock be opened: there will 
be an instantaneous gush of steam, and the water will, 
in a moment, be reduced to the temperature of 212° ; 
the excess of heat now finding a sudden vent through 
the medium of the steam* 

The relation between* caloric and the thr<)e forma of 
water may be considered a typo illustrative of tho lo- 
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latioTis between catcrie and all other matter^ as far as the 
subject has been examined. Anybodies, in changing 
their state^ render heat either latent or sensible. If a 
solid becomes a fluid or* a gas^ or if a fluid becomes a 
gaSj caloric is absorbed a&d rendere^^ latent; andyf 
gas becomes a fl«id or a solid^ or if a fluid becomes 
solidj caloric is liberated^ and beoomt% sensible. In 
many cascsj where caloric is absorbedj and an abuiTdant 
supply can be obtained^ tKe Joss of it h not readily 
perceived': this is the cas^wheit water is converted into 
steam by artificiul heat. But whercvfree cjloric cannot 
be abundantly supplied, beat is abstracted from all the 
surrounding objects^ even though they are at the ordinary 
temperature of the air ^ and they are rendered coldj be¬ 
cause the quantity of heat necessary to supply the portion 
absorbed during the change of state cannot be replaced 
with aa much celerity as the absorption took place. This 
will explain the operation of freezing mixtures. 

In concluding this part of the subjeetj it may be 
necessary to revert to some facts already described^ It 
has be^ stated^ that water constitutes an exception to 
the general law; as it does not ooTitiact from 39 
downwards to 32°, hut, on the contrary, expands. 
Several solutions are similarly circumstanced. These 
exceptions, however, may be but apparent, an^ may be 
explained with reference to tlie*single insfence of water. 
When a liquid is about to crystalliae, ^ begins to expand; 
and the expansion supposed to be attributable to att 
effort of the constituent particles of the crystal to attach 
themselves one to another, according to a kind of polar 
arrangement, similar to that which takes place in fnagnetic 
and electric attractions. It is to this effcrt which pro¬ 
bably, causes the particles to separate a little, and^pan- 
aion to result. When water is cooled to 39^°, and becomes 
specifically.lighter, it may be owing to this cause; and, 
without tbia, it perhaps would not be an exception. 

It jias been shown that all bodies in the ordinary state 
contain a ^quantity of caloric which*doe 5 not affbet the 
organs of sensation, or the thermometer, like free or aen- 

F 3 
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Bible heat, until some change is e^cted on the condition 
of the hodyj wlilch liberates a part of its caloric, and calk 
it into action. a bar of iron, in this ordinary state^ 
be cut into several lengths, each will take with it its 
proper proportion"of caloric.^ From this it is plain that 
any^two or more pieces of iron of tfee same quality, 
quantity, and t:nnperature, no matter whether they had 
ever* formed one piece or not, will contain the same 
quantity of heat: and the same may be said of Other 
metals/and of stones, woods, or any thing else. If all 
the other qualities, of'the bo(fy be alike, so also must be' 
that one of containing caloric. Further, it is an obvious 
trutli, that if two pieces of iron, the same in every re^- 
Bpect, be exposed to heat or cold^<—as, for instance, tliat 
of boiling or freezing water, by immersion^in it—they 
will both become equally hot or cold, as they will ab« 
sorb or part with the same quantity of caloric. 

But if we take a piece of iron, and an equal weight 
of a dilFerent metal, suppose copper, and expose them 
to the same temperature, as by immersion in boiling 
water, they will both arrive, eventualiy, at the s&me de* 
gree of helt; but they will have absorbed very different 
quantities of it in order to do so. The same observ¬ 
ation, generally, may be applied to all the bodies in 
nature, ^hether solids, fluids, or gases. 

Now, as bodies, in ^der to be brought to the same 
degree of beat, whether the highest or the lowest, will 
squire different quantities of'ca^mc, the inference k, 
that different bodies, at evi^ry degree of temperature, 
whether natural or artificial, must always contain dif. 
ferent <^u anti ties of heat, th^ bulks or weights being 
alike. Thusj^the quantity of heat that would r^se 
one Hnd or state of matter 10^, would raise another 
but 8®. Or, to explain the matter more generally, it 
appears that different bodies are so constructed by na^ 
ture, that they require different quantities of heat to raise 
them to the same temperature. And if equal quan¬ 
tities of heat be to enter different bodies, they will 
raise the bodies to ditibreiit temperatures. This quality 
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of tnatler is cflEed the capacity of bodies for heat; and 
the quantity of heat that is thus inquired for any par* 
tieular body, to raise it to a certain tem|^raturej is called 
Its specifie otloric. 

The same kind of matter, while in tho same state, has 
always the aaine,capacity for caloric* : at least, thTs is* 
true within a moderate range of temperature* Suppose 
the body to be water, and that we take a pound 
and a pound at that isj boiling; each of these 

pounds contains a difterent quantity of caloric* When 
mixed, the effect ought to be, tltat,^as the capacity of 
each pound of water for caloric is the aame,' and as the 
hotter must give to the colder as much as wiO bring both 
to the same beat, that degree ought to be midway be¬ 
tween the tvjp heats, and luay be found by adding 60 to 
SI2, the sum of which, 27Sj being equally divided, gives 
136^ as the arithmetical mean,*and should be the re¬ 
sulting temperature. That 136^ will be the resulting 
temperature, any one may convince himself, by im-* 
meiaing a thennometcr into a mixture of equal weights 
of boiling water and of water at 60°, * 

Here, therefore, there is no heat lost or unaccounted 
for; whatever the hot water lost, the cold water is proved 
to have gained* Hut when different bodies are con- 
^^erned, which, as already observed, have different ca¬ 
pacities for caloric, the case is altered, Eor instance, if 
a pound of water at be mixed with a pound of 
mercury at tha atitbmetical mean in this case, n 

in the last, is 1S6°, Eut^ after shaking botli of these 

liquids well, so as to produce uniformity of Vmperature, 

* 

* Thispgsltioni which was luppart^^d by Irvinej Crawfbn), abd Wilclir, 
hoB heph Oalled LtiqucocLdn by Dulong ahef Ftititi Th^y«fHrii3^ai^h? result 
□f eiperlmontg that ths weciflc heat ofbodiefl Inorusos with til air 
utune. Sxpenmenta fnclkating diilFbr«ii(^» whicli^ in sn delicate wu^ject, 
nuy be contidered trivial^ bcln^ JKjmetiniefl to tmalL betwEcn the 

ipeciAti'heati of a body at two dif^renc ttmpcraturesi do not teem to afibrd 
stitftcl^ntLjr strong evldctice /br the eatabltjinment of one opinion and the 
enntroyerflion of another Stilt it may be weU founded : the f^t^that boiUna 
and cold water produce the arithmeticaL mean | only ahowi chat the apeclfle 
beat o( water doel not hicrcaie with Iti terdperature within the range of 
to But the fact that the exjiaiUflon i>f1ii|uidi Uy heat ia not cqtiabl* 

thrbaghout the whtjile scale, would appear to fliVour the idea that their ca** 
pacitin alao vary, 

’ j 
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we find that the resulting heatj instead of being the 
Brithmeticttl mean, is^but 64’9^, or 171'^ lower: hence^ 
this quantity of'caloric reinains unaccounted for^. 

The experiment evinces that the pound of mercury 
was reduced front 212° to 64*9°; hence it lost 147'1^, 
'which, being communicated to the wat^, raised it onJy 
4'9°: and, theivefore, the quantity of heat which raises 
a given weight of mercury 147*l°j would raise the same 
weight of water but 4*9°, err one thirtieth. Thus, the 
heat that would raise water 1°, would raise mercury 30° : 
water has, therefore, 'a capacity of containing heat 30 
times greater than mercury, without having its temper¬ 
ature more elevated than that of the mercury. Or the 
same fact is otherwise expressed^ by saying that the 
specific heat of mercury is 30 times gre^r than that 
of water, f the specific heat of water be represented by 
unity or 1, that of the mercury will be ts= ) 0'033. 
It may be admitted as a general truth, with yery few 
exceptions, that all bodies require different quantities of 
heat to bring them to the same temperature ; or, in other 
words, that almost every kind of matter contains a quan¬ 
tity of heat peculiar tt> itself* 

Such are the chief facts which have been ascertained 
with regard to the absorj^tion of heat by bodies, and ita 
existence^ either in a concealefl state, witiiout rairing their 
temperature, or doing sjo^in a less degree than it would 
other kinds of matter* Hitherto the explanations given 
Jave been confined to a simple esspression of facte, for 
in these there can be no miaakc; and the^anguage of 
ajieculation has been avoided. It is now necessary to 
give sonie account of the two lheories which have been 
most relied on ifor the explanation of these phenomena: 
I shall begin with Dr. Black's doctrine of latent heat.^ 
w£en Dr* Black commenced his lectures, in the uni- 
Tensity of Glasgow, in I757j the general opinion regard¬ 
ing fluidity was, that it is produced by a small addition 
to the quantity of heat which a body contains when 
once raised to the^qmintat which it is ready to melt; 
that its return to the solid state depends on a very small 
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dimmuticri of heat afta* it lias cooled to the melting 
point; that a solid, when changed in to a fluids recciires 
no greater atidition to its heat than What ia indicated 
after fusion hj the thermometer^ and that when the 
fluid body is again made to congeal, iWsnflers no greater 
loss of heat tha^ the thermometer indicates. But?the* 
truth ie, that when ice or any solid is me^ng, it reccdves 
a much greater quantity of heat tiian what is-im-^ 
mediately after perceptibll: and this great quantity 
must be received, because it ia the cause of the fluidity 
induced. When tlie mclled ice Or qther body ia again 
about to beconie solid, it cannot do so without parting 
with the hteat which caused the fluidity, and which had 
been concealed or iataU. 


Previousl|^ to the tim# of Dr* Black, it was in the 
same manner supposed, that when once wtfter, or any 
liquid, exposed to heat, has riseh to its boiling point, 
nothing more is necessary than the addition of a liitle 
more heat to change it into wapour. And when the 


vapour of water has cooled so far as to be reaily for 
condensation, it was thought that the return into th« 


state of water will happen at ondb, after losing a very 
small quantity of heat only* But Dr, Black proved that 
in the vapoHsation of water a vast quantity of heat enters 
jt, which ^terwards is extricated during the condensation 
of the vapour into water. Thfc^quaniity*of latent heat 
contained in steam he estimated by distilling 3 tneaBiires 
of water into a wMn immeraed iq 38 measures oj^ 
water at 52° j the 38 measures were heated 71^ higher* 
Hence, S measures in steam heated 38 measures (that is, 
12^ times at much) Tl’^Tiigher: the total quantity of 
latent heat in the steam is, therefore, fanind by multi¬ 
plying 71° by 12 J: the product is 899 But the 
originai three measures of water were at 52°, anS they 
were raised to vapour of 312°: therefore l 60 ° (differ¬ 
ence of 52° and 242°), the sensible heat of the steam, 
^uflt be subtracted from 899^°; and the remainder^ 739°, 
is the latent heat of the vapour ; or,*malcmg allowances 
for dispersion and loss of heat. Dr. Black estimated the 
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latent heat at 744°, — a number wHcb Mr, Watt after-^ 
Wards changed to or 950^, Lavoisier estimates it 
at 1000° ; and ibis is generally adopted. 

Dr* Black considered heat to be a aubstance of a die-* 

, tinct and peculiar, nature, susceptible of union or com- 

‘bina^on with bodies, similar to tho^e combinations 
which the chemist observes between numberless varieties 
of av.bstance:" and he conceived that, in cases of both 
eKpansion and fluidity, a combination with heat takes ^ 
place, but of a diflerent^ind in each. Heat enters into 
vapour and into melting ice in the same way; it com¬ 
bines ; does not heat; but merely constitutes the va- 
porific and liquid form. In line. Dr. Black conceived 
it a point fully established, that when a fluid is raised to 
its boiling point by the copidUs application of heat, its 
particles skcldenly combine with a great quantity of 
heat; and their niutual relation is thus so far changed^ 
that they no longer attract each other, and form drops 
of liquid, but avoid ea^h other, and separate to a vast 
distance, and would separate much further, but for the 
pressure of the atmosphere* * 

Dr* Irvine was the'pupil of Dr. Black, and his sue* 
cessor to the chemical chair of Glasgow. He took 
altogether a diflbrent view of the cause of th^ disappear, 
ance of heat in liquefaction and vaporisation* He sup^r 
posed that th& absorpti 9 rj of heat into the latent state is 
not the cause of liquefaction and vaporisation, but the 
^cct; and he attributed the absorption to what is called 
change of capacity for hcatp or that qualify of matter 
which oausca one kind to be more dr leas heated than 
another J)y the addition of tbb same quantity of heat. 
This unequal deflect of equal increments of heat was 
distinpiisRed by Black and Irvine, about the same time, 
by the term capacity. The 140°, that disappear when 
ice ia mdted, was called by Black iatent he as¬ 

serted it to be the cause of fusion, to combine chemically 
with the solid, and to form a subatance diflbrent from 
both,—a liquid. This opinion was considered by Irviqe 

* Black'k Lecture t 171 < 
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stn not fluffidenUy comprehensive: he did not allow the 
entrance of latent heat into bodies as happening upon 
different principles from dioae which always direct the 
opeFations of heat upon matter ; he imagined that latent 
heat is only a case of what oeeurs in any^ffection of bodies 
hf heatj and tha| the caloric exists there precisely ir^ the* 
aame way as at other times. He thoughthat something 
more happens in fusion than Black imagined ; tliab the 
capacity of water for heat might be found to exceed that 
of ice, as afterwards he proved experimentally ; and that 
a new reason might he assigned, i^yjce, while melting, 
refuses to admit an augmentation of tern per Slur e* The 
reason is, that it is then changing its capacity: from a 
substance easily heated,' it becomes one that is heated 
with difficulty. All fluid bodies are heated with mote 
difficulty than when solid; not because fluitle transmit 
beat more slowly, for this is tht contrary of the fact; 
but because the same quantity of caloric will heat a solid 
a greater number of degrees than it will a fluid. Ca^ 
pacity is no more than the expression of the rise or fall 
of tem^JcratUT^ produced by equal quantities of c^oric 
upon different bodies. He concluded, as a general law, 
that the capacity of all solids for heat is increased by 
fusion, and that of all fluids by vaporisation. It appears, 
^euj that beside Black's discovery of the great quantity 
of caloric necessary for conv(!r|ing solids into fluids, 
another remarkable alteratioja is produced in the habits 
of the body 'with re^.rd to heat; frdm requiring but \ 
small quantity to raise its tj^mperature a certain number 
of degrees, it has become a body requiring a great quan¬ 
tity to produce that effect* therefore, in fusion, J;he fluid 
formed must, on account of this change of capacity, 
require a supply of caloric to enable it to remain even 
at the same temperature with the surrounding Sodiea. 
It is clear, that if a solid be converted into a fluid of an 
increased ^capacity, it must absorb heat, which will 
hibit the same phenomena as latent heat; and the same 
applies to .the conversion of a fluid t<»the aeriform state. 
This explanation is not opposed, but supplemental, to 
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Black’s doctrine. Both theories admit the entrance of a 
large quantity of caloric during fusion; Irvine’s only 
differs in offeriiig ati esplanation of the enlargement of 
the specific heat of the fused body, and in denying 
any peculiar or unusual combination of caloric.* 

in commenting on this doctrine, Bin Black replies to 
the following effect: — Dr* Irvine imagines that it is 
not necessary to suppose a special combination of matter 
to take place with caloric, wtiichj while thus combined, 
is called latent heat, ^hc explanation, it is said, may 
be as well derived^froni the fact, that a hody while in 
its fluid state has a greater capacity for heat; that it 
absorbs more heat in order to rise one degree than when 
in the solid fonn. Thus, ice is saitl to have less capacity 
than water: when ice melts, a quantity of heat must, 
therefore, fen ter tlie water produced, without making 
it warmer; and when Water freezes, lieat must leave the 
freezing water, witliout leaving it colder* The absorp¬ 
tion of heat into the melting ice is, therefore, not the 
cause, but thecoiisequeJice, of its liquefaction; while the 
extrJeatioxi of latent heat from freezing water is not the 
(^use, but the consequence, of becotnitig solid* Here, 
then, the didugc from solidity to fluidity is not accounted 
for, although it is the chief phenomenon. Fluidity is not 
attributajble to cessation of cohesion ; for how, then^ 
would it bere^oretl? and we knqwthat cohefdve attraction 
does still act in Huids* If it be maintained, that sensible 
Jieat increases or diminislies the diftance of the particles, 
and thus ac^a on cohesion, why is not this In invariable 
effect ? and how happens it that water may be cooled to 
without being acted on by cohesive attraction, and 
being converted into a solid ? By agitating such over* 
coolet^ liquids, heat is liberated which before was latent, 
and a part of the liquid solidifies : this latent heat was 
the cause of its protracted fluidity*" 

To this Dr. Irvine seems not to have been able to 
furnish an adequate reply. He says the theory of ca« 
pacitiea asserts thsft the caloric fushes into the ice, etu 

* Irrifie*! F^rt I. £uay 1 
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larging and satisfying its capacity at the same instantj 
and by the same action ; tlie f usio^i, the increase of ca- 
pacity^ aiul Ule healing of the body, icoording to the 
new capacity^ are simultaneous the work of the same 
moment It may be diJfieult^ he to explain how 
this happens on^this hypothesis^ but not more so than* 
on any other. On the other hand, the# permanent in¬ 
crease of the capacity of all solids wlieu melted, and of 
all fluids (as he affirms) w<icti vaporised, — sufficiently 
striking facts, — are not explainefl hy Black's theory ; 
while, ou the opposite hypothesifc (Jie conceives), the 
phenomena arc readily accounted for. It may be sup¬ 
posed citlier that the increased capacity and the fluidity 
aro the co-existent conse({Ucnccs of some common cause, 
or that the union of the latent calorie and the solid is 
accompanied, at the moment of its taking ptece, with a 
new capacity for heat, in proporflon to which the latent 
caloric is great or small. 

It now only remains to exjd^in a few of the chief 
pheuouiena according to each of these theories, in orfier 
that tlieir intLita may the more readily be contrasted: 
for it is in the language of orib or the other that 
all factii relative to heat are express^^d hy chemists. 
In explaining these phenomena, we need only attend to 
cates in which the change from solitlity to^liquidity 
or the gaseous state causes absefrption and-dtsappcarance 
of lieat ; those in which it ia rendered sensible being 
only their converse. • * ■ 

In such instances, the followers of Black would say 
.that the absorhed heat becomes latent, has chemically 
combined with tjie solid^br liquid, and is the ^ause of 
the liquidity or of the gaseous state. Dt, Irvine would 
suppose that during the change of state there ia a ^ange 
of capacity, the new state requiring more caloric to main¬ 
tain it at the original temperature; hence, an absorption 
of beat must take place to supply the increased capacity, 
and this absorption is an effect of liquefaction and va¬ 
porisation, and not the cause. It ii^not only in case of 
transition from one distinct state to another, that a change 
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iji tbe f^Qftntity of caloric takes place; hut it happens iu 
ioAie of the modiHoations of each state: thus, when a 
diange of density happens^ as if a piece of iron be 
lentty struck^ its speciflo^gravity is increased; it baa 
become brittle^ and very hot. if it be again struck, a 
littfe more heat and condensation may protluced ; but 
after this, no dfFect results from striking it, either with 
regard to condensation or heat, until its original density 
and condition be restored by'heating the iron red-hot in 
the iire: this process alr:o restores its malleability. The 
same happens with several other metals, but not with all 
to the ex^tent described* When the density of a liquid 
is increased by dissolving some other substance in it; 
and, universally, when any two liquids combine che¬ 
mically ; there is an extrication of heat, sometimes con-' 
siderable, ^'he mixture of oil of vitriol and water affords 
a good example of this heal ; and if the specific gravity 
of a gas or vapour be inor^sed, there will be an increase 
of its temperature* This is so great in condensing air 
in the barrel of a very small syringe, close at one end, 
that, as already mentioned, a hit of agaric contained in 
it is thus set on fire,'' The converse of all these propo¬ 
sitions is, no doubt, equally true; but it is only in the case 
of gases or vapours that it is very distinctly observable* 
If the density of a gas or vapour be lessened, cold 
produced, as appears fijorn the rinking of a thermometer 
in the receiver of an air-pump when the air is rarified; 
^because beat is absorbed from all the surrounding media. 
AH thesa c^s of change of density, in -rfbich heat is 
rendered sensible, would be explained, by the followers 
of Black, by declaring that sbme of the heat necessary 
to the existence of the body as a solid, liquid, or gas, was 
forced out of it by the approximation of its particles; and 
as the particles of solids and liquids are preserved in equi*- 
UbriOy by the balance of cohesive attraction and caloridc 
repulsion, any cause that disturbs this balance must 
change the relation of the body with respect to heat. It 
does not seem to m(? that Dr. Black followed up this part 
of the subject with sufficient attention. According to the 
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theory of Irvine^ the extrication of heatj in all such cases^ 
depends on a change of capacity for^ieat in the body con¬ 
cerned ; the effect of which is, tlia^ wherf increase of den¬ 
sity ^appens^ diminution of ^acity takes place, and less 
heat is necessary to mainiain the bo^y at the original 
temperature thaq before; because^ in the new degree of* 
density and capacity^ smallet additions of heat than before 
will sufHce for the production of any given temperature: 
hence, heat is extricated, * 

Both theories agree in represcgiting that gases contain 
more caloric than liquids* and liqui^ than solids; yet 
this greater quantity of caloric is not sensible, or in 3 
state of freedom, but inactive and concealed; so that, to 
ther thenoonieter, a solid, a liquid, and a gas, all appear 
to contain the same quantity of heat. The condition of 
heat that is discoverable by the tbcrmometci^ or by the 
organs of sensation, is called temperature* 

We have seen that the cliief feature of Irvine's theory 
is its representing liquefaction a^d vaporisation aa being 
caused by increase of capacity. About eighteen ^ears 
since, in an esbay which obtained the prize of the French 
Institute, MM, Ddaroche and Befard showed that the 
apecitic heat of vapour of water is but 0*847, while that 
of water itself i$ TOGO, This would prove that the 
opacity of vapour is kss^ instead of greater, than that of 
water: an<]^if so, vaporisation cannot depend on the cause 
assigned by Irvine* Buf these pfiilosophcra acknowledge 
that, thcqpgh we wnsider our denomination of the^ 
apecihe heat of vapour as«not far from the fruth, we 
have not such entire confidence in it as to draw from it 
a conclusion of such importance," But, for th^subver* 
sion of Irvine's theory, they seem to rel^ on an expe¬ 
riment which gave the specific heat of water as FOOO, 
whiie, by calculation, it should be but 0*633 ; or, giving 
the utmost latitude for error, O'SOG, It is necessaryi 
therefore, they conceive, to abandon the hypothesis which 
ascribes the evolution of heat during combination (vii. 
the combination of the two elements of water) to a di- 
ntinudon of the specific heat in the bodies combined. 
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ait^ rto. tdiait, 'With Blacky the e^stence df lat^t ealorit 
in bodieSnp ^ . - ■ . 

ModeTn disct^eij has accumulated a mitaber of^aots 
vhich do not seem to bttxplicable by the the<^ of 
Irvine. In the chapter on* mbustion^ severaJ aoHda and 
*]iqilid5 will be meDtioned, which^ when jetted gently^ or 
even touched^ explode with violence and produce gaaeons 
productfl. Here, then, are numerous instances of tho 
cA)version of soUds and liquids into gases, accompanied 
by the copious e?olutiop of heat—What is its source? 
If, iti die production of the gas, there be an increase of 
capacity fof heat,' whence comes the fVee caloric that 
appears ? Why should we not rather expect cold' to 
result, when gunpowder is transfonned Into a vast volume 
of gas ? For the answer to these questions, we mhst 
apply to UEe doctrine dt latent heat. MM^ Dulong and 
Petit give the following as a consequence dedudble from 
their researches, theiietnilsof which, however^ they brave 
not stated : — The quantity of heat developed at the' 
instant of the combination of bodies, has nb relation to 
the Capacity of the elements: in the greater number of 
cases, this loss of heat is not followed by any diminution 
in the capacity of the compounds formed.^’ 

We have now to direct our attention to the heating 
and cooling of bodies, and the procea&es by Which thee^ 
changes'&ire.effected. If a hot mass of nietal be laid oh' 
one that is cold, the former loads heat, and what it-loBes' 
^the other acquires'^ bodi are now^hot; an^it is to be 
enquired,, Why did this part}iion occur? Yfhas been sl« 
ready observed, that, according to the corpultoulai hypo¬ 
thesis oi caloric, its particles (he self-iepeilent; and the 
more bo, the fearer they ate to each other. 
sequence of which must he, that whoa theparrif^ev'ltavb^ 
lihen]^ of motion, they will constantly ende^vouf 
{use themselves, If a great number be tficnimdaiWnn* 
one place, they will immediatdy, if'not reeMiiMs^ 
to sepBrate in all directions, undl«Mhe a)ccutnOlAtidtr is^ 
removed: they arpthen at rest, atid in a^ 
iiieequiiibriupi of caloric; which merelyments^Lih^ Ijhe 
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surrotiitding objeclB contain as much caloric as attaches 
iuelf to thenij so as to Baturato ^ their capacity^ and 
equidjse their temperatures^ This difHision of caloric 
in bodies does not depend <0Lclusively on a repulsive 
^encyj but is assisted, in *11 probabi^ty, by an attrac¬ 
tive force; for if caloric be matter, its particles should* 
attract and be attracted by other matteiiwith diflcrent 
degrees of energy: but on this part of the subject more 
will be said hereafter* • 

The facility with which heat enters or leaves bodies 
depends much on the nature of the body; some species 
permitting the passage of caloric through t^efti with ease, 
and others with much difficulty. This property is called, 
the capability of bodies to conduct beat. Instances of its 
existence occur constantly in our common experience; 
thus, when there is occasion to liold any hot metallic 
instrument, we take care that the*part by which it is to 
be held shall not be made of metal, but of wood; for 
the metal would allow the caloric J;o pass in so condensed 
a state, and with such rapidity, into the hand, as to 
prove painful, whereas wood, and such other Sub¬ 
stances, will not permit it to pass cAherwise than slowly* 
Hence tbe sensation produced by one portion of caloric 
on the hand has ceased before tliat of another com¬ 
mences, and there can be no accumulation. Metal is, 
flierefore, called a good conductor of heat^ and*wood a 
bad one; and bodies hiVe very different powers in this 
respect* T^us, wat^, heated to is capable of, 

scalding: but air, heated to can be endured with¬ 

out any painful sensation; l^cause water can*much more 
perfectly be brought in otfntact with the body, ,than so 
rare a substance as air. The conducting^power of air 
saturated with moisture is to that of air 
as 230 to 80J; hence (he former feels ; 
to the human body* f 

In consequence of this property which bodies possess, 
of conducting heat with more or less facility, certain 
deceptive results follow, which it will be necessary 

• Blagden, Philoioph. 1775. f ttold ITflff. 
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Q much colder 



8^ 


ELEMEriTS DF CU ElfISTBT. 


PART U 


to explain* If a piece of cork, and an equal bulk of 
metal^ be kept for ^ length of time in boiling water^ 
then withdraw^ and hastily driedj the metal will feel 
intolerably hot to the hand^ while the cork feela little 
more than warm^ Here it might be supposed that the 
' tw& bodies^ although both exposed to t|^e heat of boiling 
water, had been heated to different temperatures^ whereas 
a thermometer applied to each will stand at the same 
height; proving that the different effect on the organs 
of sensation are owing^to the rapid transmiasloii of ca^ 
loric to the hand in«one in^ancCj and to its slow com- 
munieatioif in the other. It is a fact atft-ibuUble to the 
same that if a piece of metal and a piece of cork, 

both at tlie common temperature of the air^ be applied to 
one's skin, the metal will feet cold, and the cork com^ 
parativel^ftwarm, because heat is withdrawn from the 
skin more rapidly by4he former than by tlte latter. 

Such bodies as are of greatest specific gravity are, 
generally speaking, thq best conductors of heat; but the 
observation is not universally true* If a body, which is 
of ^eat specific gravity, and is a good conductor of heat, 
have ita specific gravity lessened, so will also be its con¬ 
ducting power* Thus, metals are all good conductors of 
heat; yet their filings, which are specifically lighter, in 
consequence of the spaces between their particles, are 
very inVerioj; in conducting power ; and whatever cod'- 
ducting power wood may havd, it is much lessened by 
being converted Into sawdust* ^ ^ 

Goo<\ conductors of hc^ would evidently form bail 
clothing. I'he object of clothing is to intercept the heat, 
and p^scrve tile body as as possible at a uniforin 

temperature«» In cold weather, the temperature of the 
atmosphere being lower than that of the body, clothing 
formed of non-conductors prevents the too rapid escape 
of heat from the body to the surrounding air; and, in 
very hot weather, it answers a contrary purpose, ~ pre¬ 
venting the too rapid communication of heat to the body. 
Animals are clothM in fur, wool, feathers, &c.—aU non.* 
conductors; and man borrows his clothing, in a great 
degree, from them. 
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AH that has been said on the subject of the con¬ 
ducting power of bodies refers such as are in the 
solid state; for those that are fluid See all very bad 
conductors of heat* This has been experimentally 
proved by applying beat (that^ for inat|ncej arising 
a stratum of bupiing ether) to the surface of the li<piid 
flUing a tall cylindrical vessel; and haiiiiig the buib of 
ft thermometer placed some distance bdow the Eource 
of heat. The rise of the thermometer is extremely 
slow* It had been even doubted that this small rise 
of teuipcrature waa attlibutablo ^ the heat con¬ 
ducted by the fluid; it was supposed that the heat 
had been conveyed down by tlie matter composing 
the sides of the cylinder^ until the question was set at 
rest by an experiment of the late Dr* Murray^ of Edin¬ 
burgh* He constructed a cylindrical vessel o^ice; tilled 
it with oil at $2 °; fixed a thermometer at some distance 
below tlie surface; and applied heat to the surface. The 
thermometer rose in 7 nJjnuteSj clearly shoT^'ing 
thatj although slowly, the oil did conduct the heat, in¬ 
asmuch as can neither conduct nor receive heat 
higher than ; — any additionifl heat melts it, and 
becomi^s latent. Liquids, like sohds, seem to conduct 
better in proportion aa they are more dense i — thus, 
spirit of winCj a very light fluid, is a bad conductor, 
JB heavier, and conducts ^toter; proof spirit is 
heavicTj and is a lictter Conductor; water is still heavier, 
and is a sUll bettei^ conductor; and quicksilver, the* 
heaviest of all liquids, is,*comparatively, an .excellent 
conductor of heat* * 

As liquids are bad conductors, it may be asked how 
it happens that Uiey become so speedily hat, and so soon 
boil when they are exposed to the action of fire* lu 
order to understand this, we must revert to a fact al¬ 
ready explained, that when a liquid is heated, it becomes 
specifically lighter* When a vessel containing water is 
laid on the fire, the layer of water at the bottom, and 
next the fire, first becomes hot; it ako becomes speci¬ 
fically lighter, and consequently riees through the water 

a @ 
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in the sam& manner as a cork or any other light body 
would risCi This portion of heated water having been 
thus removed its lightness^ the next layer^ now in 
contact with the bottom^ or source of heat^ becoines 
^heated in ita tu^rij and ascends; and so on, layer after 
layer is heated, and ascends until the water boils* 

These asceilkling currentB, along with the imperfect 
conducting power of liquids, assign the reason that they 
receive downward transmissnns of heat so slowly. As 
soon as a layer of water at some depth from the surface 
receives a portion pf <^loric, instead of transmitting it to 
the layer next beneath, it ascends to the top. 

Although it is the kind of matter that regulates the 
difficulty or facility with which caloric passes through 
it, yet, wjtli regard to receiving caloric in the first in¬ 
stance, orparting with it afterwards, the conducting 
power is by no meaifs the only one concerned ; these 
effects depend in a great measure on the surface which 
receives or transmits* ,ThuB, if two similar pieces of the 
same metal, polished alike, be heated equally, and set to 
cool at the same moment, in the same medium, they will 
be reduced to the ordinary temperature of the air in the 
same space of time. But if one of the metals have its 
polish impaired by scratching with sand-paper, and if 
they be now equally heated, and set to cool as before, 
the scrtSchedipiece of metal will part with its heat much 
sooner than the polished one; and however difficult it 
may be to conceive how the polish can act in retaining 
the heat, it is certain tliat the fact is so. ^ 

When al)ody, such as the piece of metal just now 
instanced, is heated, and leff in the open air to cool 
spontaneoufllji, the heat gradually flies off from it on all 
sidea^ in the form of radii, or rays ; and from this cir¬ 
cumstance the departure of heat from the body is called 
the radiation of caloric* 

Some bodies have a greater power of radiating heat 
than . others; the consequence of which is, that those 
bodies which havs the greatest radiating power will cool 
in the shortest time j and by this rapidity of cooling, the 
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radiating power may be estiniatedj and rendered manifest 
by experiment, • f 

Let two cylindrical vessels of tin-plate be prepared^ 
similar to the one represented in the margin, capable of 
holding about half a pint each. Eacl^must have a tforlb 
fitted b> its mouth, through ^hich a thermo* 
meter tube posses, the bulb standing about 
the middle of the vessel. Let one of these 
cylinders be painted over with lanip*black 
mixed with water and ^ little size. If both 
vessels be tilled with boiliiAg watar exactly at 
the same time, the corks and thermometerB 
being immediately introduced, it will be 
found that the jhermometer of the blackened 
vessel sinks very rapidly, while ^lat of the 
bright one falls very slowly. The experiment 
proves that the surface of lamp-black radiated 
heat more rapidly than that of bright metal. Indeed, 
the experiment may be made “with the thermometers 
only, one ha^ing its bulb blackened with lamp-black, 
and the other being dean. If both^be raised to the same 
temperature before a fire, and then allowed to cool, the 
mercury in the blackened one will sink at a much 
quicker rate. 

• I'he coating used in both experiments was lamp¬ 
black, for this substance is foun(> to he the best radiator. 
If its radiating power be estimated ^at 100, then that 
of glass would be fo&nd to be 9^, bright lead 19 > ^d* 
tin-plate only li; and although bright lead radiates 
with a power of but 19 , ^ the lead be a little tarnished, 
its power is raised so high as 45, * 

In general, it may be aiRrmed that alT substances in 
nature have different radiating powers. In the ease of 
metals, the radiation depends on the mere surface, with¬ 
out reference to the substratum : but in the case of 
other radiating substances, the thickness of the coating 
constituting the surface, within moderate limits, increasei 
tibe radiation. The radiation of heat takes place tnoie 
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rapidly in a vacuum than in the air* It t«3ces place in 
all gases* i, 

Whatever the cause may be that enables those but- 
faces to radiate c^oric ivith such facility^ and transmit 
Jit in right Hnesrit is but Aatural to suppose that a 
surface of tlie same kind would also permit the entrance 
of caloric* Ac’cordingly^ we hndthat the fact is so; and 
the surfaces of bodies which radiate caloric with 
facilityj also absorb it with facility ; and^ f»)nverselyj that 
surfaces which do not ri«diatetCaloric with much energy^ 
are also tho^ which will not readily absorb it when radi¬ 
ated from other bodies. For instance^ polished metala^ 
which ratliate caloric imperfectly, receiTe it imperfectly 
when radiated from other bodies; but when their sur- 
face has its radiating power increased by being scratched 
by sand-paper^ or tarnished, it then abswjbs better* And 
lamp-blackj which is the best of all radiators, is also 
the beijt of all absorbers. The following apparatus ex* 
emphiies this position r—A tin-plate cylinder. A, ii 



placed horizodtally, and opposite its ends are pla^d tin- 
platecdiscs, one of which is to be bright at both sur¬ 
faces, and the other is to be painted with lamp-black and 
sized water on the surface next the cylinder. Let du¬ 
plicate discs of tin-plate be provided; let one of these 
be stuck to the disc B by means of a thin stratum of lard 
interposed; and the other similarly cemented to the disc 
C, which has the blackened surface, that surface being 
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next to the cylinder* Each pair of discs should be 2 
inches distant from the opposite en<^f tl)e cylinder. Let 
the cylinder be filled with tailing water through the mouth 
D, and corked* The heat now radiates from both ends of 
the cylinder ; each contigdbua disc ab|prbs the radi^ted^ 
beat: but the blackened disc will soon evince that it has 
absorbed with more avidity^ for it will Income so warm 
that the lard will melt» and the disc winch had be^n in 
contact with it will fall off^ while the pair of discs at 
the other end will remain a ioag time unaffected, and 
perhaps may not separate* If botli ends of cylinder 
are blackened^ die result will be more decisive^ because 
more heat will be radiated from the cylinder. 

A question here occurs: — Does diis fact depend on 
any known property of itie metal ? and are tliere any 
considerations whit^ might have led us to*an antici* 
pation of the rpsult? It might’naturally be sup posed j 
that a surface found to radiate heat witli such facility, 
and to receive it so readily when radiatctl from other 
bodies, should casUy allow a passage through tli^ ma-' 
terial of which it is coinpoeed; and that, on this ac¬ 
count, the best conductors of heat would also be the 
best radiators. But so far is this inference from being 
correct, that there is reason to believe the reverse to be 
4rue; for metals, which are the best condjictors of 
caloric, are its worst radiators, Ahat is, While they are 
bright and umarnished: and, in a J 5 reat many cases, 
thof^at radiators, aff larap-bkck, linen, paper, ^c., art* 
very bad conductors of cal&ric* It being th^fact, that 
good conductors are jud radiators, it should also be true, 
and it is the case, mat gootl conductors present bad 
receiving surfaces; and this precisely cdlresponds with, 
the experiment last described, in which the brighUmetal 
did not receive the radiated heat from the vessel of 
boiling water- 

Ab the polished metal was proved to be a bad receiver 
of radiated heat, and, in fact, refused to absorb the ca^ 
loric which * must have radiated towards it from the 
cylinder of boiling water, it may be asked, what became 

a 4 
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of that caloric which was refused admittance by ihc'po¬ 
lished tin: it (Vd n^t pass through the tin, and, there¬ 
fore, it must have passed oiF in some other direction 
without entering. 

^ is easy to jirove that taloric, under such dreum- 
stances, is reflected; and U is possible td prevent its dis¬ 
persion, by colfecting and concentrating it into one point. 
All that need be done to render its effects manifest, is, 
to convert the plane reflecting surface into one of a con¬ 
cave form; for, in thls^>artic;£ilar, caloric resembles, and 
is regulatedfby thu same laws as light. If, therefore, a 
quantity of ratUant caloric be allowed to impinge upon 
a concave metallic mirror, the rays will be reflected from 
the surface to a focus in which all the caloric will be 
concentrated. 

To perform this experiment with advantage^ an ar¬ 
rangement different from that just described must be 
made. It must be so contrived that the body, which is 
the source of heat, shall he at a much greater distance, 
and that the direct rays emanating from it shall exert little 
or no heating agency until they are concentrated by the 
reflector. To produce the eifhet in a striking manner, 
the heat made use of should be much greater than' that 
of boiling water j burning fuel will afford the necessary 
temperature. One concave elliptical metallic speculumy 
with the heated body an& the object to be heat^ in the 
conjugate foci, wopld answer the purpose, except that 
<the proximity of the heated body ifiight cau^' the eflfeta 
of radiation ,and reflexion ttf be confounded. In order 
to transmit the heat to bo great a|^ance as is necessary 
for distinctness, and to concentilfo it afterwards, two. 
parabolic reflet^rs must be made use of. The first re¬ 
ceives^ caloric from the heated body, .and reflects it to 
the second, which then collects and concentrates it in 
such a manner as even to set fire to a combustible placed 
in its focuB. The mirrors may be formed of tin-plate, 
and the seams caused by the joining of the platen may 
be so nicely executed as not to prove very iletrimeiilal': 
about 2 fe^ diameter \vill suffice. One is to be sui- 
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pended from the ceiling of a rcvom 12 feet in height. It 
is to have an iron-wire cage flHet>wikH burning char¬ 
coal placed in its focus. The other mirror may rest on 
the floor of the apartment. In the figure, the mirrors 
are represented as being cloSe togetherj to save apace. # If * 




« little gunpowder laid on a bit of black paper^be held 
in the focus of the lower piirroTj lUwpl explode, although, 
if held two or three feet higher up, piat is, nearer the 
sou^ of heat, it wiK not be afikcted. In this experi- * 
meat, the heat radiates fronf the charcoal, ai^ is reflected 
twice before it arriva fe at the gunpowder. 

Since the two memllic surfaces reflect the htat from 
them, it is natural to suppose that they do not get hot, 
and, accordingly, we find that such is the case. But, 
sidea this cause, there^is anodier (or it may be the same), 
which prevents the heating of the refleafors: they are 
ma<^ of bright metal; and this, as we have already seen, 
is a bad radiator of heat, and therefore a bad receiver or 
absorber. Metals are the beet reflectd^ of caloric, and 
the worst radiators ; and, generally, it is found that the 
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reflecting power of bodies is strong in proportion os tlie 
radiating energy is ^eaic. 

The radiating power of glass is considcrablej andj con¬ 
sequently ^ its reflecting power ought to be proportionately 
we^k; this also is found td hold | and as it is a good 
* radiatorj so it mast be a good absorber/ In the experi¬ 
ment just desfcribed, had the reflectors been of glasBj 
which thus powerfully absorbsj although it reflects badly^ 
the heat would have been detained by the glass instead 
of being reflected on the gunpowder. That a glass mir¬ 
ror scarcely reflects heat, any one may convince himself 
by means of a common looking-glass placed properly be¬ 
fore a hot fire* On the other handj a metallic mirror, 
as has been already observed, reflects all the heat, and, 
consequently, does not become warm ; “ but if covered 
with black over a burning candle, you cannot keep it 
four minutes in the same situation (before a fire) with¬ 
out burning your fingers*" * 

With regard to the reflection of heat, therefore, it ii 
plain that it is not sufficient for the reflecting surface to 
be hard and well polished, but it must be of such a ma¬ 
terial as is a bad radiator and absorber* In the case of 
the glass mirror just now alluded to, the glass presents 
a much more even and smooth surface than the tin, and 
it has ejjen a brilliant metallic coating on the back of it) 
but the glass being a gobd radiator, it must make a bad* 
reflector. The silvering at the hack has no it 

u may he removed, and tlie back surface Tough|d by gild¬ 
ing, withouj any change in®the reflecting power of thb 
other surface, 

*Scheele on Air Mid Flre,_p, 70. He sitTi, that a gtaJi JtiJirror reflects iw 
heat, belt tetaim Mr. whcwe IdbouTB have made us acquibiten 

with Gone of the moit important tecti in (hi* chapter, biw, shown 

Chat a mjTtor is not destitute of att reflecting power, tiu>Ufih its power 
i* trifling* 
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CHAP. VI. 

Having investigated the principal phenbmeiia of heat^ 
00 far as ia neceBsary to the subject of the present trea- 
tiae^ we shall now explain a*few of the leading qualities 
of another physical agent alosel)*connected with it. 

If heat be gradually communicated to a body^—a maai 
of iron, for example^—no other effects can be observed for 
a considerable time^ except an enlargement of dimensions 
and an elevation of temperature^ At lengthy however^ 
ft very remarkaiblc change will be observed. If the pro¬ 
cess be conducted in a dark room, the metal, previously 
invisible, will become visible, and will not only be seen 
itself, but will enable surrounding objects to be seen.. 
In fact it will emit light* The^dy is thus said to be 
in a Elate of ignition, or, in common language, it 
hot* 

The original sources of light ire, first, the celestial 
bodies, the sun and fixed stars; and, secondly, terres^ ^ 
trial bodies, in which heat is produced in so intense a 
degree as to be accompanied by light, as juat explained. 
Light, being primarily produce3«ln this nAanner, is dia- 
tribatedj in a variety of ways, througjh the space which 
eurv^nds us, and is*the immediate means by which all* 
olyects become visible* It^assea freely thwm^.the at- 
mospbere; it strikes upon tlie clouds, and is refiected from 
them, rendering them visible. It strikes upoi^ all ter¬ 
restrial objects, and is by them modified iif a curious and 
complicated manner; so that, when reflected by thtfm, it 
produces all the phenomena of colours. Its course, when 
unobstructed in passing through any space or medium of 
a uniform character, such as glass, water, 'air, or a va¬ 
cuum, is in straight lines; but when it passes through 
spaces occupied by substancea of diSerent kinds, or in 
different states,—as from glass to water, or from water to 
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air, OT from air in one state of density to air in a dif¬ 
ferent state,—ic is liSble to be bent into a crooked or even 
a curved path, subject to fixed and well known, though 
very complicated, mathematical laws. It is not necea- 
*sari^% even wcre^t possible, here to enter into any ex- 
. planatlon or development of these phenomena. Those 
who desire to obtain an acquaintance with them, will 
find them explained in works written expressly on 
Optics, and are referred to the Treatise on that subject 
in this Cydopaedia* ' 

Light aad heat^ so Ircquently accompany one another, 
that it has been sometimes disputed whether they are not 
exhibitions of the same principle. The fact, however, 
tliat heat of the greatest iR|ensity can exist unaccom¬ 
panied by light, is unquestionable ; and this alone would 
perhaps he sufficient to establish their diversity. But it 
is contended, that light cannot exist without heat, and 
that, tlierefore, heat must be regarded as a quality of 
light. Against this irmay be stated, that the sun's 
light reflected by the moon, although collected and con¬ 
densed into a point by the most powerful optical means, 
has never been fouiufto affect the most delicate thermo¬ 
meter. Also, that when heat and light are produced by 
the combustion of common fuel, the heat will be inter¬ 
cepted by a plate of glass, while the light will be Jreelj 
transmitted. But, perhaps, tbeiinost decisive proof that 
the heat in the splar rays is a principle distinct ^rom 
their light, is found in the fact, fhat by eptical Tneana 
the solberm may be deedtnposed into its constituent 
dements; and that some of elements are invisible 
non-lunrinous rays, which aflect the thermometer more 
powerfully, afid arej'^therefore, more cdorific, than any 
luminous rays.* 

The chemical infiuenoe of light is conspicuous in a 
variety of natural and artificial processea. In vegetation, 
light ia an indispenBable agent; it is by its assistance 
that growing plants are enabled to decompose oarbomo 


* Omci, Ctb, Cfv, 80 . 
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acid, assimilating its basis for the purposes of nutrition, 
Without iu influence^ vegctables ^ dehdent of their 
due elementary constitutioii: they are iveSkly, inodorcms, 
atid of an unwholesome colour* Dr. Black proved, 
that the green colouring quatter of vegetables, which 
he found to be j highly inflammable uibstance, is hot • 
elaborated in plants if they grow in the dark: they are 
blanched. The inflfience of light in discharging vege¬ 
table colours is manifest in the process of the bleacher; 
and the rapid fading of coloured paper-hangings, silks, 
and cottons, when exposed to airing sunlight, is well 
known. Its energy as a chemical agent still more 
decisively seen in the influence which it exerts in pro¬ 
moting combination and decomposition ; and the latter 
effect has been made use ci as a measure of its power. 

A beam of solar light, admitted through adiorizontal 
thin slit in a window, and allowed to pass through a 
wedge of glass called a prism, tlie edge of the wedge 
being placed parallel to the slit, is found to be separated 
or decomposed by the action of tlie glass, so as to form, 
when received on the screen beyond the prism, nbt a 
horizontal line of light, as would cktherivise be the case, 
but an extensive luminous band, equal in breadth to the 
silt in the window, and extending from top to bottom a 
considerable length. Different parts of this band of liglit 
exhibit different colours; the upper end being vidLct, and 
the whole being divided fbto horilontal streaks of colour, 
descending through tints of violet, indigo, blue, ^ 
green, yellow, orange, and,^ lastly, red, which occupies 
the lowest extremity of the luminouE band, * it is 

found that tlio light occupgping certain parts of this si^ec- 
trum, as it is called, is capable of exej^ng elienucal 
agencies, and of promoting, in various degrees, the pro¬ 
cesses of combination and decomposition, WoUAton, 
Ritter, and Beckmann, by a careful examination of every 
part of the spectrum, discovered that beyond the least 
brilliant extremity, namely, a little beyond the violet 
ray, the maximum power resides, ^vhich determines 
chemical combination. The experiment had been long 
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before made by Scheele ; but he came to the conclusion, 
that the greatest c|>emical effecta are produced in the 
violet ray itself** This chemical ray was drst named 
the deoxidising ray^ from a mistaken hypothesis of the 
nature of the chemical compound on which its agency is 
mdst manifestly/*xertedp , y 

It has long supposed that the rays in or near the 
violet extremity of the spectrum are attended with a 
certain magnetising influenre* The experiments^ how¬ 
ever/wliich haveb^n made to decide this question, have 
been so extremely ccntradic^o^y in the results, that no 
certain contdusion can be deduced from themit 


CHAP. VIL 

CONSTITUTION OF THE GLOBE* 


Section I. 

THK A'T^OSFHZKE. 

I 

One who cdhtemplatCfe surrouflidltig objects would, in 
all probability, bo first struck with the singular nature 
of the air which encompasses him. Comifion experience 
showst^t tile atmosphere is not a void; that it is matter 
which is capable of affording;^, considerable resistance to 
mechatdcal force. The impulse on the sails of a wind¬ 
mill OF of a ship, the blowing of a bellows^ or the flying 
of a Jcite, are proofs of the materiality of atr too palpable 
to require insisting on. { The materiality of air is 
fuithei proved by its capability of producing and pro- 

* See OtrrcB, Ca^ Cyc. p.!Xl 

t FifiUu/LVtfiB, Cyc, p. SS’6L 


t Ibid. p.9a 
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pagating sound. In the detonation of gunpowder^ that 
substance is converted into a quanti^r of immense 
elasticityj which^ being at that instant confined mthiii 
the compaas previously occupied by the powder^ bursts 
out witli prodigious ^ force^ ^nd strikes the external air 
with violence. because fire is i^noemedj more * 

may appear to act than mere air. A simple experiment 
will set this objection at rest. Let a bladder, full of 
air, be forcibly compressed until it burst: it is best done 
by a powerful stroke; the air rushe|^out with violence, 
and, striking against the ^tern^ air^^an explosion will 
be produced as loud as a pistol-sliot. This fact alone 
would prove the materiality of air; for the bladder, if 
struck with a force not quite sufiicient to break it, 
returns very little sound; mt must, therefore, be the air 
rushing out which strikes the surrounding air^ith such 
force. Were the surrounding air ^-emoved, there would 
be no ^und: a bell, struck in the vacuum of an air- 
pump, cannot be heard* ^ 

It may be observed, that tlie bladder will bear con¬ 
siderable compression without bursting: its sides may 
be forced together ; and, in short, the contained air may 
be pressed into a much smaller compass* It is, therefore, 
an unavoidable inference, that the particles of which air 
is composed arc brought nearer together. But, since the 
bladder expands as soon as the aompressing force is re¬ 
moved, it is manifest lltat the particles of sir resume 
their former distanceawhen at liberty to do* Thus, 
a given quantity of air may jete made to occupyjgore or 
ksa space, that is, may be expanded or contracm^ and, 
when contractetl, it will Kcover its dimension^with a 
force like a spring. This spring, or eh^icity^ of the 
air is produced by the repulsive force of caloric, which 
tends to separate the particles, until counteracted by ^me 
opposing force* 

The elasticity of the air is a force of considerable 
energy* When a quantity of jt is compressed, or, as it 
is ci^ed, condensed, into a very small fompass, its efibrt 
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to recover its proper bulk is pjOcligiouB; and so great^ 
that it will sometimes burst the strongest vessels. Hence 
the well known danger of forcing too much air into tie 
ball of an air-gun: it bursts, and occasions great 
mischief. , 

' ^li these cori^derations proving th^t air is matter, it 
becomes a question. Docs it resemble other matter in that 
^ common property, gravitation ? or, in other words, has it 
weight? This is a question which can be answered 
directly in two If the air possess weight, its abs¬ 

traction from a vessel ought to lessen the weight of tliat 
vessel, antfita ad^tton shouhl increase it. Accordingly^ 
an empty glass globe is found to be lighter than the 
flame globe hllerl with air.* 

'rhus air, like otiler matter, possesses weight; and the 
fact Icadia to some important considerations. For, as 
the atmosphere extends to a considerable height, it must 
be supposed that such a weight of heavy air, pressing on 
that (Hirtion of the atniosphcre near the surface of the 
earth, would exert a considerable pressure on all bodies 
situated at the earth’s^ surface* 

Air and gases goaioraliy partake of the fundamental 
property of liquiils, by which they transfer pressure 
equally in all directions; and, as a consequence of this 
propertVj die pressure arising from their own weight acts 
in every direction, and, as its particles possess perfe<% 
freedom of motion at any poinlij the pressure depends on 
the weight of the? column of fluid ibove that point,t At 
the surface of the earth, the^air sustains the #hole weight 
of thS*®iperincumbent atmosphere; here, therefore, the 
air beipg most pressed upoLi, its partidca are forced 
nearer to eacji other, until their sdf-repulsion prevents 
any nearer approach; and hence tlie density of the air 
is greatest at the earth's surface^ that is, a closed vefisel, 
fhll of air, taken at the Eurface, would weigh tnore than 
the same veasel filled, at a greater height in the atmo- 

* Phrukatich, Cab. Cjrc. p. E 28 . " 

f Sec HTDAoeTATicii Cab. Cfc: CiuiiHL IL HI. PlfsifsiaTJCfli Cbap. tV. 
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sphere. The greater the hdght at which any given pordeti 
of air is taken, the leas dense it ia^ bscaua^ it ia leas com-^ 
pressed. The condition of being less dense ia otherwise 
expressed by the worda more rare j because the number 
of particles In a given volunte is less^ and^ therefore^ a^ch 
a volume wouhl*weigh leas. At towards the 

highest parts of the atmosphere^ where the preaaure ia 
inconsiderable, the rarity is great; the repulsion of Uie 
particles being here an O’wrmatch for their weight. 
Notwithstanding the enormous vg^igl^ of the atmosphere 
at the surface of the earth, the desiruij^tive ot^usequenees 
of it are obviated by tlie equality of the pressure on all 
sides; for, to be pressed equally on all sides, obviates 
many of the effects of pressure as completely as not to be 
pressed at all. * 

Air is a fluid of an unalterable constitution^ there ia 
reason to believe tliat, but fur certitfn processes to which 
it is constantly subjectetl, it would never suffer any 
change. On account of tliose ptocesses, however, it ia 
liable to gre^t and important aLterations; and these 
alterations are of hourly occurrence. M^e know, for 
instance, that air is injured by «. number of per¬ 
sons breathing in it ; it ia thus that, in very crowded 
assemblies, the air becomes absolutely pernicioua ; and 
^ere is a dreadful instance on record, of a nutgber oi 
Unfortunate persons whose lives were sacrificed by their 
being obligetl to respire* the same air for a length of 
time. In such air a* candle will not burn. An equal 
injury, and of a similar kind, is done to a^ by a 
fire burning in it, when there ia not proper ventuation : 
and air thus injured, if attenpted to be brealhqtl, will 
act aa an immediate poison, and destroy life. It ia 
worth while to enquire into the cause of this singular 
change. * 

In order to try the effect of fire, an experiment is 
easily made by burning a taper in a quantity of air 
included in a glasa jar, or bell, inverted over some water, 
so as to prevent communication with«the atmosphere. 
It will be found that the heat of the fiame first expands, 

u 
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the air; but that in some time the (quantity of air will 

^perceptibly diminisbj as will plainly 
appear by the rise of the water in 
the bell when it cools; at length 
the tap^r will he extinguished. 

From this experiment two things 
are obvious: first, the air which re¬ 
mained in the hell after the taper 
had bprned some time would no 
longer permit it to hum; and^ se- 
rofidly, at the end of the experi¬ 
ment there was less air in the bell 
than before; or^n other words, some 
of the original air was witli drawn. The question occur a. 
What has become of this ? An ordinary observer 
would aniwer. It is con^urned^ it is burned: but these 
expianations have no. meaning; the air cannot have been 
annihilated; it must still exist somewhere. The answer 



we shall be presently able to assign. 

There are many other processes beside the burning of 
a c&ndle that would have diminished the quantity of air 
in the bell-glass. liquid, preparetl by boiling some 
water on a litde lime and sulphur, has the property of 
absorbing a considerable portion of air which has been 
Qxposed to its action. The experiment is easily made 
by agftating^ some of the liquid in a bottle, well closed 
with a cork, and removing the cork under water: water 
will rush in equ&l in bulk to tlie ^ absorbed- We can 
then ascertain whether or not the air irtpch remains Is 
incap!^S^e df supporting flame, as it was in the experi¬ 
ment j^ust now made with candle* It will he found 
that it is not 

The metal called quicksilver, or^ as it is otherwise 
cal&d, mercury, has also the property of absorbing a 
certain quantity of air; but, for this purpose, it must 
be kept boiling in a flask flUed with air for a great 
I^gth of time; the portion which remains unab- 
sorbed at the end of the process will extinguish flame, as 
in the former instances. Eat Ithe mercury during thi^ 
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operation has been very materiaJly changed: it no longer 
possesses its ftuidityj nor its metaKic splendour; it is 
converted Into a red scaly substance; and it is found to 
he heavierp Here^ then^ are two remarkable facts: when 
mercury is heated in a vessel of atmospheric air^ a giwat, 
quantity of tho ^r disappears from th# jessel, and the 
mercury increases in weight. The natural inference is, 
that tho deficient air is contained and concealed in the 
mercury, and that it may bd possible to detect and re^ 
cover the portion thus lost* That ^aucli a recovery ia 
pTacticable, appears from the folio wlng^fact; mr- If, after 
the air hag been absorbed by the mercury, the heat be 
increased to ignitioft^ the red scaly matter into which 
the mercury was changed will restore every particle of 
Bir which it had absorbed, aitd the mercury will re^appear 
In its metallic form. It will be found that tiie air thus 
recovered, to all appearance, resembles common air, so 
far as being elastic, transparent, colourless, and inodo¬ 
rous. However, it ia very different from that portion of 
air which tlU mercury originally rcfusctl to absorb: that 
portion instantly extinguishes flame; whereas, if a newly 
extinguished taper, the wick still ignited, be immersed 
in a portion of the air recovered from the mercury, 
the taper will re-^kindle, and bum in it with increafied 
iplcndour* • * 

From these experimgits, th^«obvlou& hiference is, 
that wc have separated common atnqpspheric air into 
two other aim, diaunftricaUy opposite in at least one 
property, and both of them perfectly difibreiit fstom the 
original p One of these airs is so far different from the 
atmosphere, that it extinguishes flame; and the of her is 
so far different, that it renkindles tho ilatife, which the 
original air could not have done. , 

Since, in these experiments, the most remarkable facts 
to be,observed are, that one kind of air causes bodies to 
hjim with far greater splendour than they do in the 
atmosphere, and the other extinguishes flame, it should 
follow, that if the two be mixed together, an air should 
TCBult, which in its power of supporting flame would be 

H S 
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a mean of those which compose it. Accordinglyj we 
know this to be the Cose ; for the two airs were obtained 
from atmospheric air^ it being composed of them; and 
every one knows that^ in the atmosphere^ a candle btima 
, precisely in the moderate way which might be inferred 
from the contrai^ied nature of the two Constituent gases. 

The air in which the taper refused to burn is of so 
noxious a kiud^ that it would extinguish life as well as 
dame: dus fact has been ealablished by immersing email 
animals in it, From^. its deetructtveness to life^ it is 
called ajuotf.*' Xhe whicii had been absorbed by the 
mercury and recovered, and which favours combustioD, 
has the effect of sometimes commu'nicating to combus* 
tible% a sour taste; and from thia circumstance it is called 
ojryffen f gas. ^ 

The eunij thcn^ of all the preceding details is as fol¬ 
lows ; — It has been shown^ that by certain processes^ as 
heating mercury in air^ a portion of the air is absorbed, 
and another portion is not. The unabsorbed portion 
extinguishes flame and life; it is called a^ote: the ab¬ 
sorbed portionj when recovered, supports flame and life 
in an eminent degr^, and is called oxygen. It appears 
that atmospheric air is composed of these two gases — 
oxygen and aaote; the proportion being ^th of oxygen^ 
t6 ^th^ of azote, both estimated by volume or bulk under 
the same pressure. ^ 

Oxygen and azote have a very decided aflinity for 
each other; and although, in the atmosp|ierej their das- 
ticity (oppose their combination, their union may be 
eflbcted by certain processes, and then the change of* 
properties resulting from combination is of the moat 
striking kindi It is only necessary to coniine a quan¬ 
tity!^ of atmospheric air, or any other mixture of oxy¬ 
gen and azote, in a small glass tube^ one end only of 
which is open, and plunged below the surface of tuer.. 
cury, to cut off the communication of the external 
air. If ihrough this confljied air a tong continued suo 

* C, 0, NO j and fan;, tfie, LIFE, 
f di|ur, oftM, vcua j aAd geruuffit i OsmuTi. 
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cession of electrical sparks be passed, the mercury will 
gradually rise in the tube — indic^ng ft diminution in 
the hulk of the confined air ; for the gaseous par- 
tidea have^ by some unknown agency of the electric 
sparksj been forced into clt)ser contact, and within Abe, 
reach of their afiTnity for each other, • , 

If the air contained in the tube he examined after 
this process, it will prove to be very materially altered. 
Instead of being inert, as oViginaUy, it is now pungent' 
and caustic. If brought* in oontaet with water, it 
ia in part absorbed, and the water Aicq^uiics an acid 
taste, and also the remarkable property of changing 
the blue colour of ^getable iiifusLons to a brilliant red, 
when mixed. Any substance, whether solid, liquid, or 
gaseous, which possesses this property of jonverting 
vegetable blues to red, and which ^has a sour taste ^—al- 
though this latter is not Indispensable — is caUed in 
chemistry an a^id ; and acids form a well-defined class 
of bodies. Thus, vinegar and kmon juice are acids; 
so also is th^' gas under consideration, produced by pasE« 
ing electrical sparks through common air, or any other 
mixture of oxygen and aaote. 

If the water which absorbed this acid gas be gently 
boiled, it will be found that the steam which fiiea 
«off does not carry the gas alon^ with it. It ds 
Bible to vaporise ^most^ll tlie watery and. In propor¬ 
tion as it evaporates, the acid becopies stronger: at 
length it becomes excJedingly powerfulj and so corrosive 
or caustic, that it will stain the skin yellonr, :>ad even 
destroy it and form an est^ar. It is, in other respects, 
exceedingly powerful, A quantity of it, BWalloi^l, will 
in a very short time destroy life; and it c^ale^ a smoke 
which is highly pr^udidal if taken into the lungs. 
Thus is the mild and wholesome atmosphere, the me¬ 
dium of health and life, convertible into the most de¬ 
structive of all poisons ; and by no other means than 
lessening the distance between its constituent particles, 
BO as to permit the affinity of its elementary gases to 
operate, ondP'a true chemied compound to be produced, 

n 3 
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'This acid is now Icnown to exist in nitire; it is procured 
in large quartdUes ffroin this source^ and hence it is 
called nkric acid. 

Oxygen and azote form no less than five combinations 
^bepde that of common air; yet all these are perfectly 
different in th^ properties. It may he here observed^ 
thatj IVhen bodies combine with oxygen^, the substance 
resulting from the combination is often^ but not alw^ys^ 
'‘an acid; and whenever it*" docs not possess the pro¬ 
perties of an acidj it is called an Very often, 

oxides, by f beings CO jhbined with an atlditional dose of 
oxygen, arc converted into acids: but in many cases an 
oxide will combine with a new dost of oxygen without 
becoming an acid, and will rnerely form a second oxide i 
and even a third and fourtn oxide may be thus pro-^ 
duced. Ilut when the compound acquires the property 
of reddening vegetable blues, it then is entitled to the 
name of acid. Whenever there are these successive 
stages of oxidation, each stage is marked by the name. 
Thi^, when any substance has united with its first dose 
of oxygen, the resulting substance is called a 
from the Greek word (proton')^ : when the 

second dose is taken the compound is called a deut- 
oadde, from ^^vripot; {Suteros) secojid/ the third dose is 
eJtrpresa^d by the name trito^ide^ from {trUoJt)f 

third ; but when an cxide coikainE as much oxygen as 
it can unite witl|, no matter whether it is the second, 
third, or fourth, it is called peroxidS^ fVoix^lie Latin word 
pBTi very much: and if there is only one combination, 
provided it be not an acid, it is simply called oxide^ 
Other systems of nomenclatuf'e are also employed. 

The propel ty of oxygen which, to an ordinary ob¬ 
server, would appear the most striking, is its power of 
supporting that process called, in common language, 
burning j but in chemistry, combustion^ 

With sucli force does oxygen promote combustion, 
that not only ordinary inflammable substaneea are burned 
with surprising ehergy in it, but even iron itself bums 
with the most dazzling brilliancy. All thA is required 
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is, to introduce an iron i^rire, to one end of which is 
attached a bit of burning candle-ifick, Into a phial of 
oxygen: it takes fire, scintillates, combinea with the 
oxygen, and melts into white-hot globules. These have 
metallic lustre, and, like the crigltiai iron, are attr^nt^ , 
able by the majjnet: yet they contaiif^l the oxygen 
which disappeared in the process: they are now an 
ide of iron. 

In the cnnstltution of th^ atmosphere we have ample 
scope to admire the desigif and execution of a structure 
calculated, with such wondrous precision, 4o fulfil its 
purposes. Were the atmoepheie to consist wholly of 
oxygen; and the difierent kinds of objects which com¬ 
pose, and are found upon, the globe, to remain what they 
are; the world would run through its stages^of decay, 
renovation^ and final destruction, i^i a rapid cycle. Com¬ 
bustion, once excited, would proceed with ungovernable 
violence; the globe, during its short existence, would be 
in a continual conflagration, untM its ashes would be its 
only remains: animals would live with hund^ed^fold 
intensity, and terminate their mortal career in a few 
hours. On the other hand, were tfie atmosphere wholly 
composed of azote, life could nev® have existed, whether 
animal or vegetable, and the oljfccts of the Creator in 
•forming this world would not be fulfilled* Jiut the 
atmosphere is a wholeswme mixture of these two for¬ 
midable elements, each neutralising die other's baneful 
influence. I'he life 8f animals quietly runs through its 
allotted space; and the current of nature ^owa within 
prescribed limits, raanage|bly and moderately. 
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TILE WATERS* 

* 'rhe oceatij along 'with riverSj lakesj^and springBj are 
objects which/ *after the atmosphere^ claim our at¬ 
tention. They shall all be considered under the general 
name water. 

To an ordinary obfierver^ water might appear, what 
it was once believed hy philosophers to be, a simple ele¬ 
ment; not ^composed of other ingredients, but of the 
same nature throughout* This is^far from being the 
case; and tliat it is a compound is easily demonstrated. 
Every one must have ob^ved, that, when water is 
thrown oci a hot fire, or when a very hot iron is 
sprinkled widi water, ^here is a disagreeable and pecu¬ 
liar smell evolved, be the water ever so pure* If the 
fire be exceedingly hot, like a forge, the water will blaze 
somewhat like ardent spirit thrown on it. If a bar of 
iron^ heated to whiteness, be partially innnersed in 
'Water, the water discharges a kind of air, which takes 
fire from the iron, and burns for a moment.* This air 
may be collected by p^|^ng the white-hot iron, or a coal 
ignited to whiteness, under a bell-glass filled with 'water, 
and inverted, in a vessej containing water*t Bubbles of' 
gas 'will be g^erated abundantly at the iron or coal, and 
will rise to the top of the hell. , By heating the iron 
bar several times, and immersing it, anJf after each im* 
mersion, hatfimering it a little so as to detach some black 
scales that form on it, the hell may be filled with gas* 
Better methods will be gi'ven hereafter. 

This gas has two remarkable properties: it ia ex¬ 
ceedingly light, being scarcely more than -p^th of the 
weight of the same bulk of common air^f It is very m- 
flammable: a stream of it will burn, on the application 
of an ignited body, with the emission of intense heat^ 

* HaMenfTAiB, Schult^ atid D«1UiiccnJTt. f 

t When bulLi or volunn of gates are mcntlDned, they are UDdentood' 
to aLat under tlia ovdLnaij atmo^erlc pi^ure, anleu the coatraiy b ez- 
pieaied. 
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but little or no light j yet a lighted taper immersed into 
a phial of it will be instantly extitiguiahed* This gas 
is, therefore, of a nature quite different from the two 
gases which have been already described: it does not 
resemble oxygen, or azote, «ot any of their compount)^. ^ 

It has been stated, in the last sectioa^ that iron may 
be burned in oxygen gas. In the experiment there 
described, it was observed, that the iron wire, in 
burning, melts down into 1>lack, brittle globules, no 
longer metallic, although tliey have a lustre approaching 
the metallic; and still attractabli? b> the magnet, al¬ 
though now an oxide of iron* In the experiment, just 
now descrihedj with the white-hot iron bar, it is ob¬ 
servable that the scales hammered off are an oxide 
of iron, in every respect tlft same as the former* Now, 
whence was the oxygen derived, which thus ufiitetl with 
the iron ? The only substances dhncerned are iron and 
water: it is, therefore, an unavoidable inference, that 
the oxygen was derived from the^ater, and that oxygen 
is one of its'component parts. The experiment ma^ be 
made in a manner wliich renders the truth of this 
position quite manifest. Let the steam of boiling water 
be passed in at one end of an iron tube, containing iron 
turnings or borings, the tube and wntents being kept at a 
•bright rod heat: let a flaccid bladder, from which the 
air has been previously pell squ^fzed out, be tied at the 
other end of the tube : the bladder wi^ speedily be dis. 
tended and filled with the gas in question; the iron 
turnings will be converted into the same oxide of iron* 
The passing of the steam over the iron may be continued 
until the whole of the wSter has been converted into 
steam, and thus forced through : the results are the saihe 
to the last: Inflammable air incessantly passes through 
the tube, and oxygen is continually absorbed by the iron. 
When the water is exhausted, both processes cease; and 
there are no other products. 

It must he inferred from these facts, that water is re¬ 
solvable into oxygen and inflammable At; and that it is 
composed of these two gases. It might also appear that 
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this conjecture could be brought to the test by mixing 
the two gases/aud Vhus ascertaining if water can be 
formed by their unioOi On making the experimentj we 
find tllat the two gases^ when mixed^ remain unaltered: 
^thett particles seem to be at such a distance from each 
otlieTj while in ^eir elastic state^ that they are not within 
the limits of each other s affinity. But by lessening the 
distance^ as by forcing the two gases into a very small 
compassj by means of a powerful condensing syringe, 
they combine, and with the iiecniiarity of producing a 
load report^ as well a vivid fiash ; for, under ordinary 
circumstances, whenever they combine tlicy burn. This 
experiment is violent and dangerous, and tlie result of 
the combination cannot in tins way be determined. But 
inflammable air may be burned in a small stream in a 
vessel filled with oxjjgen; they then combine quietly, 
and die sides of the vessel are soon coveml with streams 
of liquid, which trickle down to the bottom. This is water. 

The result of this slow combination of the two gases 
is just what was anticipates!: water has been formed ; 
and it may be admitted as a fact, analytically and syn-' 
thetically proved, tliat water is composed of oxygen and 
inflammable air. It ]^y appear surprising, that from a 
large volume of gases a fow drops of water are pro- 
difced ;*,but when it is recollected that the gases were in* 
their elastic state, and 4 , tliat now they have parted with 
that heat which paused them to be self-repulsive and 
voluminous in bulk, the wonder creases m the heat with 
which the gases have parted was that which constituted 
the fiame. As inflammable ah is thus proved to be the 
most remarkable ingredient in the formation of water, 
this gas has obtained the name of hydrogen signifying 

Between oxygen and hydrogen there is a remarkable 
difference, which deserves notice. Hydrogen ia a com¬ 
bustible body: but if a burning body be immersed in it, 
the combustion is extinguished. If a burning body be 
introduced into oiygen, the combustion goea on with by 
* Ciwst hudoTt WAraa; 1 cbeate. 
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fjtr greater ijitensity: but oxygen itself cannot by any 
means be made to burn, it is tharefora incombustible, 
althougb it supports combustion* From facts of tbis 
kind, a distinction of bodies into combustihl^ and 
poriet^ of combustion bat> been made, and a cla&iifi-^ 
cation of all th^^bodies in nature bas ^^n founded on 
the distinction. This is, perhaps, unfortunate ; the pro¬ 
priety of it depends on the meaning of the word com* 
bustion; and the definition* of combustion which would 
render the distinction proper too restricted, and cal¬ 
culated greatly to perplex the thedf^y 4f that process, as 
will appear hereafter. 

During our exasuination of air and water, we have 
arrived at the knowledge of some important and striking 
facts. We have seen tliA the wholesome air, which 
is indispensable to the life of animals, contains the 
^ elements of destruction: and tliat the most incombus* 
tible of all bodies, water, is composed of the elements of 
lire. In short, we have obtainod an acquaintance witli 
oxygen, azo,ej and hydrogen,—BubsUnces which Jiold 
the most prominent place in creation ; and we have 
learned that these bodies, by unioti Vith each other, form 
others of agencies just aa extensWe* Oxygen and azote 
form a powerful acid, possesse®if violent properties; 
«oxygen and hydrogen form a passive compound^ chiefly 
remarkable for its inertness: .hilt of the action of by- 
{Irogen and azote on each other, wlietjior they combine, 
and if so, of what nathre the compound may he, wc as yet 
know nothing. If hydrogen and azote, bothdn tlie clastic 
state, he mixed^ no chance follows; but we are not to 
be so far misled by this f?ct as to conclude thatithere is 
no affinity between them : we have learned by the ex-* 
perience of azote and oxygen, as well as of oxygen and 
hydrogen, that although powerful affinities may erubsist, 
some management U often required to induce a combin¬ 
ation, Accordingly, a mutture of oxygen and hydrogen, 
when forced to ah approximation of particles by me¬ 
chanical corapreBsion, actually lose thSr elasticity, and 
combine with explosion, forming water. If hydrogen 
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be diTeeted of its eksticityj and presented in this state 
to azote^ an udioti taikes place equally^ and a compound 
is produced posaessed of energetic propertiesj and very 
di^rent from those of its component elements^ But 
^ther.hydrogen Is not to be dieprived of its elasticity by 
mechanical comjpffessionj as in the form^ case: the same 
ol^ect can be effected by a much more easy method: 
let the hydrogen be presented before it has acquired 
elasticityj at the very tnomeht of its birth aa we might 
say^ or^ as chemists express itf in the nmcBnt state. Al* 
thoughj in the proces^s just now described for obtaining 
hydrogenj heat was made use of for liberating that gas 
from' its combination with oxygen^ ic is to be observed^ 
that heat only hastens the subversion of the affinity which 
bolds the elements of the water together: die same 
changes may be effected without elevation of tem¬ 
perature, but they will take place very slowly. If iron ’ 
filings be mixed with water, minute bubbles of hydrogen 
will at length be seen^ to form round the particles of 
iron i the oxygen does not appear, for it combines 
with the iron. The hydrogen becomes visible, because 
each particle of it has received the caloric necessary 
to its existence as a gas. But if the mixture of iron 
fi^linga and water be confined in a vessel containing 
nothing;:but azote, the azote will exert its affinity at the^ 
very instant ^hen each particlq. of hydrogen has been 
eliminated from t];ie water, and before it has had time to 
derive the necessary heat from thd surrounding media* 
In this staler of things, a combination takes place; the 
hydrogen does not make its appearance, and the azote 
actuallyadisappears; and when we come to 'examine the 
contents of (he vessel, we find neither azote nor hydrogen, 
On'fipening the vessel, instead of an inodorous mixture 
of gasffl, as pure hydrogen and azote would he, it has 
acquired a smefi of great pungency, identical with 
that emitted from what is called ^meUing satis or harU-^ 
hom^ both of which owe their qualities to its presence. 
Water absorbs thk gas with avidity, and affords a liquid 
having the same smell, a pungent caustic taste, and the 



OHAP. Yll. TUm WATERS^ 109 

propcrtjr of fEddeningj or even blistering^ the skin when 
applied to It. • * 

In treating of the atmosphere, it was stated, that, when 
oxygen and azote are combined m a certain ratio, a 
compound is produced wlikh possesses the property# of^ 
changing vegetjAle blue colours to ; and it was 
mentioned that this property constitutes the quality 
called acidity. We have now to examine whether the 
compound produced by thif combination of azote and 
hydrogen possesses this quality^ If some of this pun¬ 
gent liquid be added to water in ifhicb violata had been 
infused, the blue colour will be instantly changed, not 
to red, hut to grees; and the same will happen to any 
other vegetable blue: or, the vegetable blue having heeia 
already reddened with an* acid, if a sufficiency of this 
compound of hydrogen and azote be addeS, the red 
‘ colour will disappear, and the ftriginal blue will be 
restored; and if still more of the compouncf be added, 
the blue will be changed to green, just as if no acid had 
been ever aiided. , 

There is here not only a difference, but a decided 
opposition of properties* What 'the acid does, this 
compound undoes: it not only destroys the redness 
occasioned by the acid, but it cOTninunicates a ooLour 
»characteristic of itself* • * 

As the term aciditv is attril^ted to bodies which 
have the power of reddening vegetable blues, so to the 
quality of rendering vegetable blues green a peculiar 
term lias been appropriated j it is called and 

the bodies which possess this property,—for it will be 
hereafter seen that there afe many,— are called ^ikaOet* 
They possess another power, also,over vegetable colours; 
they convert yellows to a deep red, or, rather, brown: 
and the infusion of the dye-stufiP called turmeric is used 
for this purpose* 

It may excite wonder that such importance should be 
attached to the apparendy trivial circumstance of chang¬ 
ing the hues of vegetables, as to induce themiata to intent 
terms indicative of generic distinctions amongst bodiea, 
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founded on this quality. But the cause of won^ter va^ 
tushes when wedeampthat the effect on colours is merely 
an easy test, a visible announcenientj that each of these 
classes possesses a distinct-set of properties. We connect 
each change of colour with dhe possession of a certain 
set of properties^^ andj by the application of this test of 
eolourj we infer the existence^ and attribute the pos¬ 
session of a whole series of properties to each class. 

Acids and alkalies are considered as opposed to each 
other in their nature^ .and each presenting a kind of 
reverse property Xo the other. They havc;, generally, 
a powerful affinity for each other; and, obeying that 
affinityj they counteract and lesseir each oihcr'a cha¬ 
racteristic effects. Thus, an add has a peculiar taste, 
expressed sufficiently by its 'name; it is somedmes so 
powerful is to be corrosive and poisonous. An alkali 
has also a peculiar taste, quite different from an acid; 
It also is often caustic and poisonous. If both of these 
violent and pernicious substances be mixed, we might 
fairly expect to have a compound doubly violent and 
pernicioua. But the reverse is the fact. If, to an acid 
of this kind, a small 'quantity of an alkali be added, the 
sourness of the former is dimintshed, it is less corrosive, 
and less poisonous: a little more alkali produces a Utile 
mere diminutioii in the power of the acid ; and the same ^ 
Iiappens with<fuFther a^hlitions, until, at length, the pro¬ 
perties of the acid are completely null,—it is no longer 
sour, no longer corrosive, no longer^perntcious, and it no 
longer reddens vegetable blues. It is, in short, destitute 
of effect on colours : its taste is salt and cooling; and 
in its general properties it is comparatively inactive. 
These changes are produced in consequence of the 
affinities of the acid and alkali having been sarisfied: 
the ratio of their quantity is such, that the point of 
3aturati<>n^ explained in the chapter on affinity, is at¬ 
tained, and there is, consequently, a total change of 
properties, as is always the case when active affinities 
have been in op^aiion. But if, after this point of 
saturation has been attained, the addition of alkali be 
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coutmvedj the neutral and inactive state of die com¬ 
pound no longer subsists; it no#r b^ne to asamne 
acrimonious qualities^ it again acta on vegetable coloura: 
but these eSecta are attributable to the redundant quan¬ 
tity of alkali above what ^as necessary to saturate 
acid. FqYj whii* the alkali was saturatmg the acidj and 
destroying its peculiar powers^ the acid was producing 
a corresponding change in the alkali: the latter was at 
length deprived of its povrer «f converting vegetable blues 
to green, as the acid was pf altering them to red* But 
after the alkali had completed the satuyition^ny further 
additions of it could effect no other change, and, there¬ 
fore, must remam independent and unaltered. This 
state of mutual saturation, where the peculiar powers of 
both bodies are suspended %nd concealed, lb called neu^ 
tralUp; ami the neutral compound is deno*kinated a 
mlt, because it generally has a saltish taste. _ The salts 
thus arising from the comhination of acids and alkalies 
are generally disposed to undergo that symmetrical ar¬ 
rangement Cndled crystallifiation, which was expJainqdl>i 
the chapter on cohesion; and each separate regular form 
is called a crystal. * 

It does not, however, follow that a salt must be neu¬ 
tral, because neutral com|)ounds are designated salts; 
on the contrary, salts may either manifest the pojscsslfn 
of acid or alkaline qualities^ ]u*fucli casei the salts are 
not neutral, and yet tliey may have been saturated ; for 
it docs not follow tbit neutrality and "saturation sliouhl 
always accompany eacli other. It is posable tliat an 
alkaline body may unite with such a quantity of acid as 
saturates it, although it stiH manifests alkaline prt^erties, 
and is not neutral. 

The substance with which an acid is combined in a 
salt is called its base : thus, the alkali is called the base 
of the class of salts just described. 

Having thus explained tlm nature of alkalinity, and 
having taken advantage of the first opportunity that 
occurred, to show how this property is disposed to addity, 
how the two qualities counteract and saturate each odier. 
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and p^uoe neutrality, we must return to the compound 
of hydrbgen cuid which was under consideradon^ 
and ^ from which this di^fireesion was made in order that 
the nature of saturation and neutrality might be more 
fiiHy explained^ « 

In volcanic countries, a mineral is fcwihd which occurs 
in crystals, and in masses of a grayish^ yeUowish, 
brownish colour; its taste is sharp, burning, and saltish. 
The quantity obtainable in*a state of nature is so very 
insu£Bcient U> supply fhe demand, that it has been an 
object at a}l times ter form it artificially, and the inge-< 
nuity of man has supplied it in abundance. It was 
once manufactured in large quantities in Egypt, near the 
temple of Jupiter Ammon; and, detmng a name from 
the place whence it was obtsfined, it wis called eal am^ 
fwonitfCj—a name which it commonly retainsi to this day^ 
At present it is mlmufactured in vast quantities in 
Britain, for it is used extensively in thO arts, By itself, 
it has no smell j butewhen it comes in contact with 
limCj it discharges a pungent and sufibcating vapour^ 
easily recognisable as identical with the pungent gag 
produced by the combination of nascent hydrogen and 
azote. If the powder of sal ammoniac be mixed widi 
quicklime in a bottle, and a bladder ^be tied round the 
fHOUth^the common air having been previously pressed« 
^out, there will be an ^trication of gas from the bottle 
ag soon as heat is applied: the^ag will become in dated 
by the newly formed gas : it will'TesemVe atmospheric 
air in its pt^yaical properties, such as being trangparent, 
colourless, and elastic: but its smell identities it with 
the alkaline gas already described as composed of 
hydrogen and azote- The identity is confirmed by the 
facility with which the gas is absorbed by water, by the 
smell of the water thus impregnated, by the caugtic 
tgste, and the power which it posscBses of changing 
vegetable blues to green. It will also saturate and 
neutralise acids- This volcanic salt, therefore, as well 
as tiiAt artificially obtained, holds the alkaline gas in its 
fubatauce ; it is its basis; and the alkaline gaa has been 
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whiob glvetf ori^ to itk WitoiP»b«titbB''Tipi»i^ rf 
400 th!M ite bulk of tfafe gieiptod soqulm torn ttf tta 
pfopertiea j the compoand it bemee colted 
nia. Billing the abiorpti&n of ammoniaDd gas dbj ^ 
water, thehquid^eoomeBhot; for die q^^^ricwfakh was 
ktent in the gae^ and maintained it as autb^ becotiM 
flOnflible e« soon as the gis changes its state to that of 
ft liquid, according to a Iftit already explained; hence 
die temperature rises. Abdie time that the gfts it 
dlQs ahflarbed, the solution auf^ a pcrmaaent expftn* 
skwi, for the resulting liquid is speei-dcally lighter> 

If liquid atomonit be heated, the ammonia takes hock 
the' calorie which it parte^^ with when it was fhst con* 
deneed in the lAtter; it rAumes the gaaeaus form, and 
Aim ofF in the ttate of gaa. From the drcums&nGeof its 
liquid ammonia is mid tS be volatile ; and the 
term ia SfppUed all other substances which pass off id 
Tftptmr or gfts at a low temperatuie. ^ 

itbaa beie^ shown that acids and alkalies have a miltual 
affinity ; that they combine and form saltop The naitto 
given to a salt is contrived to be an fodex to Its composiN. 
tion: It oonsista^ of a genus and a species: the add 
C4totribute« the genetic portion, and the alkali the epecHic- 
»Thiis, the name niimte ^ ammonia is given to aril 
foTHied from nitric aci^ and ariUnonia, Chemiete ate 
ftoqtdduted with a Vast number of salta^ 
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dia ahnost endless diversity of ohjeoto is eonteut- . 
pteseot themseWei In our survey of tbe^ 
ihhierl^'froduclft^uf the earthy one mi^t at first 
dte«di^4o ftbisido&th^ftCtempt (ff studying thdr babitUiMf 
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in characters which naturally suggest a classification. 
TbuSj there'ar« a nmmber of bodies which correspond 
more or less in the folloiiflhg properties :■—They are !iardj 
heavy, and opati^tie; insoluble in water; they possess a 
jeauliar kind of brightness or splendour; admit of being 
so highly polifihfd as to be good reiiccti^rs of ligb t; are 
capable of being melted by heat, and of recovering their 
golidity by cooling: most of them may be extended by 
hammering, and some intu^be thinnest films. These 
bodies are cdled metal^j many di;d'erent kinds are 
known. They a|e of various colours; and they require 
dlfifcrenl degrees of heat to melt,, or, as chemists say, to 
' fuse them* * 

We find minerals which evince some of the pro¬ 
perties of metals, aa opacity, great weight, sometiniea 
splendour^ and at all times convertibility to the metallic 
state: these are metdls combined with other bodies; 
they are called ores ; and it is in this state that metals 
occur in nature, and fmm It that metals are extracted* 
We find minerals which possess some lustre, much 
weight, hardness, and transparency: they arc insoluble 
in water, often infusible in the fire, and little alterable 
by heat, unleast he most inlenae; they assume regular . 
cryscaUine forms. Thqse are called stories* Bometimea 
they arf of decided and beautiful colours, perhaps trans- « 
parent, exceedingly cjbse and^ hard in texture, and 
smooth and briiiijnt fa fracture. These are called pre^ 
ci&ue stones or g&ns* * ^ 

There ar&mineral bodies which, in their external cha¬ 
racters, resemble the preceding class, but are distinguished 
very doeidedly in others. Thby are in beautiful and re* 
gular forma; they possess lustre; are somedmefi coloured, 
they are generally acted on by a moderate heat; and are 
very frequendy (Ussolvablej or, as chemists say, soiet^ia 
water* These are called native salts, to distiDguish them 
fkom salts which are prepared artificially. 

Other minerals are distinguished chiefly by their com-. 
bustibility; Buch*arc sulphiur, bitumens, coals, &c. 

In the mineral, as in the vegetable Idngdoni, we find 
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a variety of acids and alkalies ready formed^ 'ffhichj if 
they are not peculiar to minerals) are*at least found 
amongst them in considerahle^antity. 

As to ores and metals, no further notice need be taken 
of them in this division ^f the work: their place#in^ 
creation^ and tlfleir nature in general^ jure sufficiently 
known to every one. Rocks, stones, and earths appear 
dissimilar to each other; the hardness, closeness of texture^ 
and weight of the former, seem to distinguish tliem from 
the looseness, softness, and lighyiess of the latter. Yet 
observation shows that the nature of ^i of4them la the 
same: stones and rocks are often found mouldering into 
earth, and earth is known to harden into stone. The 
process of mouldering prcyluces no change further than 
breaking down the cohesioif of the rock; accordingly, we 
find the soil at the foot of rocky mountains ^o contain 
the same ingredients as the rocks fhemselves. 

With regard to earth, very little palpable difference 
can be perceived in the great bulk of it; it is appar^tly 
much the same in all parts of the world. But rocks and 
stones are found in every variety of aspect, and com^- 
posed of very different materials. Now as these, when 
broken down into small particles, or powder, constitute 
earth, chemists have denominated the ingredients of 
N ;which rocks and stones are composed, 2aHhs; a^dthAe 
Are, consequently, of di^rent kittdA» • 

The beauty of the precious atones \fas brought them 
into such general reqhest for ornamental purposes, that 
their external characters are well known. Notwithataml- 
ittg their valuable qualities, they are, with two or three 
exceptions, composed of tlfe same materials as the com¬ 
monest Bftynes, In the following account, such mineralB 
only shall be noticed as make us acquainted with some 
new aubatanoe. 

The sapphire is, in point of value, second only, to the 
diamond: it is of various colours; but the blue and 
red are most esteemed, the red being more valuable. 
Sapphires are brought from Ceylon, and other Oriental 

1 % 
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countries, as well as from some parts of Europe. The 
red sapphire is < comm only called Oriental ruby, and the 
yellow kind is the Oriental topaz. These stones, when 
rubbedj often emit a phosphorescent light, 

^ VThe sapphire is almost entirely composed of a pecu* 
liar kind of earjh, which, singular to Ay, is one of the 
most ahumlant and common in nature, notwithstanding 
the great iralue set on the gem. The same kind of earth 
constitutes the basis of alU clay soils ; it is the ingre¬ 
dient which gives porcelain rarth and potters' clay the 
plasticity ai^d duptilit/ that permit it to be mouldeil into 
the various kinds of chinaj delft, jkc. It is the chief 
ingredient in pipe-clay and in common roofing slate. It 
is named by chemists argiilatyous earthy, or .alumina^ In 
every 100 grains' weight of*blue sapphire, are pure 
alumina;* and it owes its beautiful and much valued 
colour to so small ah admixture as 1 grain of iron in 
every 100 of the gem. 

I'hc next of the precious stones wliich it is necessary 
to describe is the amethyst. The kind most generally 
known is of a purple colour, altliough it occurs of other 
hues. The most esteemed are those brought from Cey¬ 
lon and India; those next in value arc the Bra 2 ilian; 
tliey are found also in Ireland, although of inferior 
beauty^; and in many other parts of the globe. The* 
amethyst is somposed^Of a basis quite different from the 
Itind last described; but, like the last, it is abundantly 
diffused throughout nature* Evtry one acquainted 
with the Bionc called flint i it is very comm on, and 
therefore of little value; yet it is composed of the same 
materials as amethyst: the Idtter contains, in 100 grains, 
98 of a peculiar substance, which, from «i/«^,itthe Latin 
name for flint, is caUeil Of the same substance 

as the amethyst and flint are composed the gems called 
^ carnelian, cat's-cye, rock crystal, Egyptian jasper, and 
opal.. The last, distinguished by the name of precious 
opal, is one from most beautiful of gems, and yet con¬ 
tains, in J 00 gr£i!ms' weight, nothing more than 9^ grains' 
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of silica and 10 of water. Notwithstanding the high 
price and beauty of these stonesj tfie mSterial of which 
they are composed constitutes the great bulk of the sand 
which lies valueless on our shores. 

Silica is an e^ential ingredient in glasSj in all 
of pottery, and in artificial gems antk fnaniela. It ia 
abundant in nature^ and sometimes constitutes the bulk 
of moQii tains i 

It was, some yeaps since, believed that silica is an earth 
analogous to those ahead) described; but it has been 
discovered that this is a mistake^ a*nd lAiat il^ia of a very 
different nature. It has been here described amongst 
the earths, merely ifecause it is the basis of a number of 
precious stones ; and its jeal nature, as far as known, 
will be pointed out hereafttr. , 

There are some gems of great ^auty and value com¬ 
posed chiefiy of silica, but containing also alumina; aa 
tlic garnet ; the Brazilian topaz, which must be distin¬ 
guished froin the Oriental; and ilTcOccidental or precious 
emerald, of which the beryl is a species, • 

'"rhe emerald and beryl arc not, however, entirely com¬ 
posed of silica and alumina, but ‘contain also another 
earth, with which it is necessary to become acquainted- 
From its property of forming combinations which have 
a sweet taste, it has been named gludna* * * 

There is a peculiar substance;f until lately considered 
an earth, which constitutes the greab bulk of the gem 
called hyadnth. Tfiis sibne is found in various coun¬ 
tries ; but the most valuable is from Ceylbn, which ia 
the repository of all rich^ems. Hyacinth occurs red, 
brown, yellow, and green: every 100parts of (he stone 
contain ^0 of the substance under consideration. It 
was first discovered in a species of hyacinth called the 
zircon, and hence has been named jsi%conia. Besides 
other places, the zircon is found in Scotland. Its nature 
is not fully determined. 

The last of the gems which introduces to our know¬ 
ledge a peculiar earth, is one that is known only to 

1 3 
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mineralogists; it is called gadolinitej from the name of 
the Swedish chlemist Gadolin^ who tliscovered that mi¬ 
neral. In this stone was found the earth in questioHj 
and it obtained its name from the place where the mi- 
iieAl was found; it has been called from Ytterby^ 

in Sweden. Its tJhysical characters are not very different 
from those of the preceding eartlis* 

In introducing the student to the knowledge of the 
preceding earths, the gems have been adduced as ex¬ 
amples, on account of their Containirg them in great 
purity, ami *^08 substances with which being familiarly 
acquainted^ we acquire a knowledge of their component 
earths with less of the difficulty and abruptness attendant 
on a new science. VTe now t^ke leave of these, and pro¬ 
ceed to consider the nature of a much Jess costly class of 
mineralsj although, in^point of utility, some of them are 
of far greater importance. 

t Every one h acquainted with the stone called marble ; 
its diversified hues, or Its pure whiten ess, and its lustre 
wheti polished, have introduced it as a beautiful material 
for ornamental architecture and sculpture. Marbles are 
of all varieties and mixtures of colour. Notwithstanding 
their value, they are the same substance with oommon 
limestone and chalky with a slight tlifference only in 
piftity.Limestone is one of the most abundant mineralB 
in nature: if sometimes constitutes the substance of 
whole mountains. 

The burning of limestone is prooesJ common in 
most parts of the world. The stones are broken small, 
and stratified with fuel in a ^Jriln, which, when set fire 
to, heaik the stone red-hot. During the burning, the 
Jimestoue becomes much lighter. It is now called quicks * 
lime, or rochedime, and its properties are totally changed. 
Water poured onjt is imme^ately absorbed, and the lime 
appears as dry as ever. In some time, however, it swells, 
bursts, grows hot, dischargea steam, and falls to powder. 
This powder is railed slaked lime. The same pheno-* 
mena are exhibited by marbles and chalk after burning, 
if Bimilarly treated. 
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There are two minerals veiry different from limestones 
and marblesj and from each other^ which} however, a^ree 
with limestone in tlie property of affording earths that, 
when cold water is poured on theiOj become suddenly 
hot, and undergo the process of slaving. These minewls 
are named carhofiate of baryta and carbgnateof strontia; 
and, from these names, the two earths obtained from them 
are called Imrjfta and strmitia^ 

Baryta is distinguished amongst the other earths by 
being a violent poison, and alsojby being the heaviest of 
all the earths: hence its name. Bn'ontia is not a poison. 
The only remaining earth is one that is well known as 
an extensively used^nd popular medicine; this is called 
magnesia. It exists in various minerals; one of which, 
found in America, consist, in 100 parts, of 70 mag¬ 
nesia and 30 water. 

The preceding earths are all vfliich the ingenuity of 
chemists has been able to discover; and of these are 
composed all the gems, stones, stocks, mountains, and 
soils, that are found throughout, and const]tuting,* the 
globe. Some of these minerals contain but one earth ; 
others two ; and others so many aafour. From this ex-* 
amination we learn, that the solid parts of the globe, 
as far, at least, as human industry has discovered, are 
composed of a few earths and metals, each beipg pne- 
senied under an astonish^g varie^ of forms ; and it will 
presently be shown, that the distinctio)i between earths 
and metals, evident aim ay it appear, is not well founded. 
It had long been observed, that the proper ties of earths 
very nearly resemble those of the compounds of oxygen 
and metals called metallic oxides: but it remakied for 
the chemists of our own day to prove what their prode^ 
cessors had so sagaciously suspected; and, of late years, 
it has actually been demontrated that earths are them . 
selves metallic oxides. This has been shown by the 
very simple method of abstracting oxygen from them; 
and determining that, in each case, globules of a peculiar 
metal made their appearance. To mftalUse the earths, 

I 
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it ia only necesBary to sulivert the affinity subsisting 
between the mfetallic basis and the oxygen, by means 
of some body having either a naturally stronger affinity 
for oxygen than the basis, or made to have it by art* 
TK 3 bxygen being withdrawn from the compound, the 
^lasis will its appearance in tHe metallic state. 

But although the description of this method seems sim¬ 
ple, and easy of accomplishment, there are difficulties 
in the way, and such as ret^uire the exertion of no or¬ 
dinary skill to surmouTit. What these means arc, it is 
not here necessary to'detail; it la sufficient to say, that 
it was chiefly through tlie application of the powerful 
agent called galvanism that the diffitulty was overcome: 
but the mediation of natural affinities was sometimes 
’ sufficient.^ When any of these earthy metals was pre¬ 
sented, at an elevated temperature, to tlie action of oxygen, 
the latter Vas absorbed, and the original earth was re¬ 
produced. The metals obtained from the earths arc 
named aluininum, glucinum, yttrium, calcium, barium, 
atrortium, magnesium. To this list a new metal has 
lately been added : it has obtained the name of thorium ; 
being extracted from a mineral of a very complicated 
nature, called thorite. 

It appears, therefore, from the investigations of mo,^ 
devn clufmists, that the globe of the earth is one vast 
mass of metals of difluent kin^s, disguised by various 
substances, but chiefly by oxygen. 

There are three substances frfund in^each of the 
kingdoms of mature, which, in their properties and com. 
position, are nearly related to the earths, and are 
in daily use in arts, manufactures, and domestic economy; 
they are called potash, soda, and ammonia* They ^1 
possess the properties of an alkali in a high degree; 
and, indeed, in many reapects resemble each other* 
There is also another dkaline substance, which belongs 
to the aame claaa, but differs in being exclusively of 
mineral origin: the name Hthia has been given to it, 
significant of its ktony origin. Potash, soda, and lithia, 
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have been proved to be of the same constitution as the 
earths; and metals of exiraordinary^ropA'ties have been 
produced from them by abstracting oxygen. On account 
of the sources from which they are obtainedj the metals 
are called potassium 3 sodimari^ and lilhium* Ammoria^ 
although powcrfttily alkalifiej and analogous in its qua¬ 
lities with potash, soda, and lithia, differs from them in 
the circumstaticc of not being a metallic oxide ; and, in 
this respect, agrees with a itnmerous class of alkalies to 
be noticed hereafter, composition has been already 
explained : it consists of hydrogel^aazotit, neither of 
which is known to be metallic. As these four substances 
evince the posscssicni of alkaline qualities in so high a 
degree^they are named, by^ ay of eminence, f/ie alka/ies: 
but some of the earths pcSsesa the same prog cities, al¬ 
though m a much less degree, and are called aikaline 
earths; such are lime, baryta, strontia, and magnesia* 
To this property the substances called alkalies superadd 
another, namely, Bolubility in water: potasli and soda 
dissolve in water readily, atul in large quantity.* Am¬ 
monia exists in tlie gaseous state, and is largely absorb¬ 
able by water, Lithia is but sparingly soluble ; so also 
are lime, baryta, and strontia: hence lithia is, in this 
l>roperty, connected with the eartlis^ but it is separated 
from them by its caustic, acrid taste. Potash, sq4a, aftid 
ammonia, are easily so|uble in Strong spkit of wine: 
lithia is not so; and this, again,i copjiccts it with the 
earths. ^ * 

Opposed to the alkalies and earths, in properties, are 
the acids of which some mineral substances are partly 
composed; and which we*]find in the mineral 'kingdom, 
existing in an uncomhined state also, and sometimes on 
a scale of immense magnitude. There is, in the island 
of Java, a volcano called Mount Idienne, from which the 
Dutch East India Company have been often supplied 
with sulphur for the manufacture of gunpowder. At the 
foot of this volcano is a vast natural manufactory of 
tliat acid commonly called oil of vitrAl, although it ia 
there diluted largely with water: it is a lake about 1200 
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French feet long; the water of which is waritij of a green¬ 
ish white coloultj ant? charged with acid, from the sur¬ 
face of which a slight smoke rises. Towards the south¬ 
west j the lake discliarges itself, and forma a river of the 
sai^e add. The taste of thi» liquid is sour, pungent^ 
and caustic: it kills all the hah of a ^Hver into whicli 
it flows ; gives violent colics to those who drink of it; 
and destroys all the vegetation on its banks. When a 
little is evaporated by heat, pungent sulphurous vapours 
arise, similar to those c^scharged from tl)e volcano, and 
some sulphur is i deposited. From this account, it is 
plain that there is some intimate connection between the 
acidity of the liquid and the sulphurous fume occasioned 
by the incessant combustion cf the sulphur* The water 
Beems to have absorbed theie vapours, for these very 
vapours are exhaled when it is heated; and that such 
vapours are sufHcient 'to cause the acidity, any one may 
convince himself, by the simple experiment of burning 
some sulphur in a glassi globe full of air, in the bottom 
of Tfl(;hich a little water lies : vapours are formed, which 
the water absorbs; it becomes sour to the taste, and 
now reddens vegetable blues* Such is, in fact, the 
very process that is continually going forward in the 
volcano; and the reauU Ib this acid in enormous quan¬ 
tities, xirodueed by the combination of sulphur with 
oxygen derived from tlie atmoepjiere* 

Chemists had Iqng been acquainted with the acid under 
coneideratjon ; but it waa only within a ceiitury that it 
was known ta he produced by the burning of sulphur; 
from the origin of the acid, chemists have given to it the 
name o£- ^vlphurit; acid. It was formerly called oil of 
vitriol^ because it was distilled from a substance of mi^ 
neral origin, called vitriol^ on account of an imperfect 
resemblance to green glass; vitHolum being the dimi* 
nudve from mtrum^ It is now manufactured in Britain 
on an immense scale, by the burning of sulphur; ita 
uses in the arts being extensive. 

This lake is fdtind to contain also another acid, with 
properties quite distinct from those of the sulphuric* If 
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B quantity of its water be subjected to the process of 
boiling in a glass flask witli a betit ileckj Called a retort^ 
£0 that the steam which passes over into the neck shdl 
be there condensed into liquid, we obtain this second 
acid* It has been found is various products of otlAr^ 
volcanic countries, by Spallanzani, Vau^q^lin, Breislak, 
and others* The last of these observers found it in a 
form which, in itself, is a characteristic suflicient to-dis¬ 
tinguish it from the sulphurJfc : he found it in a state of 
vapour, as a permanent gaS ; at Jeast, so far permanent 
that it would remain a gas for ei^r not brought in 
contact with water. 7'his fact shows that liquidity is not 
the state in which this acid esdsts in its most simple 
form ; the liquid consists ctf the gas dissolved in water; 
for such is the affinity subsisting between then^ that the 
elasticity of the gas is subdued. i 

The celebrated travefler and p&ilofiopher Humboldt 
found it in a number of warm springs in Mexico, scat¬ 
tered over ^ space of forty squwe leagues of volcanic 
country, * 

It appears that this acid is contained in vast abund. 
ance throughout the great body of waters whicli sur¬ 
rounds the globe; although not in a free and independent 
state, hut combined with soda and magnesia. It has, on 
this account, obtained the name of muriatic add, indi¬ 
cative of its being an ingredient lu sea^water. 

According to the analogy of the Jicids already de¬ 
scribed, we should suppose muriatic acid to ^he com¬ 
pound. That it is a compound, and what its com¬ 
ponent parts are, it is eas^ to evince. Let a mixture 
of oxygen and muriatic acid gas be passed through 
a porcelain tube, one end of which is red-hot, and the 
other cold: a quantity of water will be found condensed 
in the cold end. Now, the elements of water are 
oxygen and hydrogen: we have supplied the oxygen 
in the experirtietit; but whence came the hydrogen? 
There was no other body present to supply it but the 
muriatic acid; we must, therefore, injfer that hydrogen 
ia one pf the constituents of muriatic add, and we should 
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expect to find the other still in the tube. On examining 
the tube> we Atul t'jat it contains a gas very different 
from the original muriatic acid. If passed through a 
vegetable blue colour, it no longer refldens it, but totally 
diprives it of all colour: it,-is now much less absorbable 
by water ; the solution has not an acid, but an astringent 
taste; and the colour of this gas is greenish, although 
the original one was colourless. The new gas does not 
extinguish flame^ as miiriatle acid gas does; on the con¬ 
trary ^ various bodies, when Krnmersed in it, take tire 
spontaneoifely. ^ In Short, the gas found remaining in 
the tube is in every respect diflerent from the original 
muriatic acid gas. ^ 

This new gas, in con&eauertce of the green colour, 
which is ^ distinguishing chWacterof it, has been named 
fcA/or??7C */ and its compounds with other bodies are called 
chloride^t From the experiment, the results of which 
have been stated, it appears that muriatic acid can be 
resolved into chlorine‘ and hydrogen ; hence these two 
gases, when united, compose muriatic acid, and hence 
this acid haa been also named hydrochloric acid, in 
allusion to the two gases of which it is compounded. 

Chlorine is an abundant element in the mineral king¬ 
dom : it is found in combination with the metal sodium; 
the cotr^pound is rock-salt. In sea.watei' it is associated ^ 
with two singular substances, galled iodine and bromine^ 
both of which resemble it in many respects. The most 
Btriking jijviality of iodiJie is, that, when 'fieated, it ex¬ 
pands into- a violet-coloured gas, which/ on cooling, 
crystallises again into its original form. Bromine ia a 
poison^ a violent caustic ; and is capable of setting fire 
to metals, by mere contact, at common temperature. 

The basis of sulphuric acid, as already observed, is 
sulphur. This highly inflamniable substance is found 
abundantly in the neighbourhood of volcanoes, crystal¬ 
lised in a state of purity. It exists, combined with 

metals, in a number of ores ; and in some of thesej—as 
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that of the copper-mines of Fahlun, in Swedenj and the 
iale of Aiiglesea, — it h dissociated vith i substance ex¬ 
ceedingly similar to itself in all its properties. This 
substance is called itehnium. lu most easily recognisable 
quality isj tlmt^ when in ij^e state of rapoufj it smeUs 
strongly of liorsetadish; and one of its compounds^ if* 
snuffed up the nostrils^ produces catarrfial symptoms^ 
with violent cough. 


Seotiow IV.* 

oafjANiNEn s'raucTUKRS- 

Notwithstanding the pirplexing diversity of form 
which vegetable substances assume, cx peri mints have 
proved that they are all composed of the same ulti¬ 
mate materials; and these very few in number. We 
may select any vegetable structure as the representative 
of all the r<‘st; and, by examining others in the same 
mannerj it will be found Uiat foey present the same 
results. * 

The method by which the component elements are 
separated ia simple; the vegetable is merely exposed 
to the action of fire,— not au open fire, for in tlys 
way all its parts would be dissipated or burned away ; 
but in a vessel calculated to retain its principles in 
such a manner as permit their bcifig brouglit under 
examination. Green wood will be a gqpd instance^ 
Take a common gun-barrel, the touch-hole of which is 
stopped; push a small cylinder of green wood ijoivn to 
the breach, and place that end horizontally in a good 
coal fire. As the wood is heated, the water, which is 
the chief ingredient of its juices, distils over, and drops 
from the open end of the tube. In proportion aa the 
^water distils, from being Insipid it becomes sour* 
Shortly after, a gas issues out of the lube, and may be 
collected by tying a moist bladder, the tommon air being 
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■well pressed out of it, round the mouth of the tube, 
Ifj when the 'fens ecases to issue, the contents of the 
tube be examinefl, the piece of wood will be found al¬ 
tered into a black, dry, light, sonorous mass, retaining, 
hfwever, its texture, though much reduced in size. It 
•is, in alvort, converted into charcoal/ or, in chemical 
language, earSo^n/ and if its weight be added to that 
of the gas, the mere water, and the sour water, the re¬ 
sult will be the original weight of the wood without 
loss: hence these are all the ingredients which composed 
the wood. ( 

Charcoal is a substance so well known that it is un¬ 
necessary to describe it. One of its most commonly 
known properties is combustibility: if a bit be kindled, 
and a current of air supplied to it, it will bum almost 
entirely afray, leaving only a few white ashes of little 
weight. In commotj air it burns with no great bril¬ 
liancy ; but if the experiment be made in oxygen gas, 
it burns with consider^tble splendour. 

A remarkable circumstance attends the combustion of 
charcoal in oxygen, which is introductory to a fact of 
importance. NotwUhstanding that the experiment is 
made in a glass vessel from which there is no 'escape, 
the charcoal totally disappears. It will also be found 
th^t tl^ oxygen is completely altered iu its properties. 
In its origijial state/' a lighted taper immersed in 
it would burn with the utmost brilliancy; it might 
be left in contact with water without abHorption or 
change; and, if the water were coloured with a ve¬ 
getable blue, its tint would remain unaltered. But, 
after tbc burning of the ch^ooal in it, it manifests 
the reverse of ail these properties; instead of increasing^ 
the brilhancy of a burning taper immersed in it, the 
taper will be instantly extinguished, as ■would also the 
life of an animal; if it be 1^ in contact with common , 
water^ it will be absorbed, the water acquiring a sharp 
taste, which ia now capable of turning vegetable blues t6 
red. These properties distinguish sufBciently thq|gas 



CHA^, VII. 


127 


OROAKIBBD STR^CTURBB.^ 

which remains after the combustion of charcoal. The 
question occurs^ what has become charcoal and 

oxygen t for both have disappeared. A moment's re¬ 
flection supplies the answer: the charcoal and oxygen 
were originally in the glass j^essel ; nothing has escapid 
from the vessel ;*anhenccj the new which fills it 
must consist of the two bodies that disappeared- The 
change of properties which ensued, proves that a che¬ 
mical combination has taken place between them: the 
charcoal was reduced to*particles so small as to be 
invisible; these combined witfi *the*Qxy^n, and a 
compound gas was produced, consisting of these two in^ 
gredients, which, it possesses the property of red¬ 
dening vegetable blues, is an acid in the gaseous state. 
This gas has received a indicative of origin; 
from the Latin word carbo (coal), it is called mrbonie 
acid Under ordinary circumStances it is invisible, 
transparent, colourless, and elastic like the atmosphere. 

The beverage called soda wa^er is almost entirely 
composed of water holding carbonic add dissolved. • It 
is the presence of this gas in some wines that causes 
their sparkling quality, and their eflervescence; it also 
constitutes the sprightliness of bottled ales, and pro-' 
duces the foam by its entangled efforts to escape. If a 
bit of charcoal be kept red-hot for some time ^ caf^ 
honic acid, will be dimmished it^weight, because some 
of it has dissolved in me gas; and it will be found 
that the resulting gaa*is quite changed in its properties. 
Carbonic add reddens vegetable blues; iihe new gas 
does not afihet them! carbonic acid is not inflam¬ 
mable; the new one is viry much so, and will bum 
with a blue flame. The quantity of charcoal contained 
in this new gas is just twice the quantity contained in 
carbonic acid; 100 grains of oxygen uniting with SI to . 
form the add, and with 74 to form the new gas. ^ 

According to a system of nomenclature already ex> 
plained, the compound of charcoal and oxygen, in whidi 
thejfjiKrygen exists in such quantity as to produce an add. 
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is called carbonic acid gas ; but the other otiCj in which 
the oxygen insui^cieiit to produce aa acid^ is called 
carbonic ojcide. 

A stiilting proof of the extraordinary differences 
d£ appearance which the boily may assumcj and 
* also of the intrinsic worthlessness of dbrtie of those ob^ 
jects on whicfi society sets the liighest value^ occurs in 
the instance of the substance under consideration* Every 
one knows the enormous price at which diamonds of 
good quality and size^ arc estimated. The celebrated 
]iegent dif^mond^. wliicii was set in the handle of the late 
emperor Napoleon’s sword of state, is now valued, at 
£i60,000^,, dtliough it weighs oniy about I ounce, 
and was originally puTchased for 20,400^* by Thomas 
Pitt, grandfather of the grtat earl of (Chatham, white 
governor of Matlras* Yet this precious □rnament is 
neither more nor Ics^ than a piece of charcoal; and, sur¬ 
prising as It may appear to those hitherto unacquainted 
with the fact, it is well^roved, by numeroua experiments, 
tha#, between the diamond and charcoal there is almost 
no difference of composition: the diamond burns in 
oxygen with brilliant flame, and, like charcoal, forms 
carbonic add; tike charcoal, it forms st3el by combine 
ation with iron; and the difference between the two 
bodies^eems to be chiefly in their state of aggregation, 
the diamomibeing harder and frystallised. It is also a 
little purer in copiposition. The pure portion of charcoal 
is distinguished among chemists }fy tlie naijfe of carbon* 

It has beesi already observed, that, during the [leating 
of a piece of wood in an iron tube, a large quantity 
of gast is given off with Sn acidulous water. The 
nature of this gas is next to be enquired into. If a 
burning body be applied to it, as it issues from the iron 
tube, it will take hrtf and burn with a white voluminous 
flame, somewhat like a common gas-lights 
perty dietinguishes it from the two inflammable gases 
already described — hydrogen and carbonic oxide: the 
former of whiefa^buma witlf the emission of scarceawy 
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light, and the flame of the latter blue. If the 

gas from wood be burned in a slender stream passing 
from a bladder furnished with a pipe^ and if the com¬ 
bustion be performed in a glass globe filled with oxyaai 
gaSj the globe will in a shdrt time become dull on ui» 
interior^ owing to the condensation of* watery vapourj 
and this constantly increasing, it will at length trickle 
to the bottom, and a <juantity of water will be found 
there. The formation of jwater is a sufHcient proof that 
liydrogen constituted a portion (ff ^the gas burned in the 
experiment. But tlie globe, instead of cihitaining oxygen, 
as it did originally, is now filled with a gas easily recog* 
nisable as carbonic acid by its sharp smell, its capability 
of bedng absorbed by waty, and its communicating to 
the water the peculiar acerbity of that gas. *The pro¬ 
duction of carbonic acid proves tbit carbon was present 
in the gas obtained from wood, and wc cannot detect in 
it any other clement than carbon anti hydrogen, they 
being in a state of chemical combination, and forming 
a distinct variety of gas. On account of the two *ele- 
ments which constitute this gas, it has been callerl 
burf lad hydrogen^ —a name comprising ievcral varieties ; 
the flifferenccs arise chiefly from tlie relative proportion 
of the constituent ingredients. 

Beside these gases, there are hydrogen, carboni? oxide, 
and carbonic acid, preseftt in wotrfl gas* * 

In this analysis of i^ood we obtain, as Mreatly observed, 
a liquid of a sour taste, capable of reddening vegetable 
blues, neutralising alkalies, and, in short, possessing all 
the properties of an acid. • It was once believe<l to be 
different from all others known, and obtained the name 
of pgroiigneous indicative of its being produced 

from wootl by fire. It has the taste ami smell of tar ; 
for common tar is obtained by exposing wood to a 
strong but smothered heat, and this is just what liappena 
to the wood enclosed in an iron tube* A process has 
bc eji:_Q ontrived for separating the tar fr^m the acid, and 
th^Mflie acid discloses its nature, its smell being no 
longer disguised: it proves to be vinegar; it is made 

X 
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on tbc large sor^lr from uoodj aii(l is an exrclJent liiiid 
for many purposes cjjiih account of its f^r^at stiengtli and 
purity. When made fis s^tiroJig as possibtt^^ it obtaius 
the name of turlic aci4j from the Latin wal’d 
viniS^^ar, 

*We now perceive that the exposure of ’wood to a 
high temperature afibnls a f^reat number of coiupoujuls: 
there aie two eouibinatioriK of carbon and oxygen, at 
least two of carbon and liydjcif;en, anti one whidi.com- 
priscn'? the elemonts of the fortner two. We see that 
pure hydrogfcti is alsto extricated, and we find that a 
little aKote existed in the wood ; for it combined with 
hydrogen, and formed ammonia, which is found neu¬ 
tralised ill the acetic acid, Tliesc, willi the cliaF- 
coal, are the results of tbe p^ioccss ; and aa a general 
summiijg up, ive may recapitulate, that from wood ’we 
obtain hydrogen, carbufteled hydrogen, bicarbiireted hy¬ 
drogen, carbonic oxide, carbonic acid, acetic acid 
holding tar, ammonia, .and charcoal. Hy niultijdying 
experiments on otiier vegetable structures, ’Wc learn that 
all of them, ho’wcver complicated, ’wlieu made to un* 
dergo tbc oideal ofdicat in confined vesselsj resolve 
ihcTiiselves, like wood, into tbe four elements — oxygen, 
hydrogen, carbon, anda/.ote; the latter being in such 
amdl quantity as to be barely discoveiable, Tliese, 
again, by cornbining aijiongst tljemselves, produce the 
compounds above^ described ; but the four ingreilients 
mentioned are what are called the hltimati? elements of 
aU vegetable Hiatter, notwithstanding its apparent di¬ 
versity- 

The subject selected for elucidating the constitution 
of vegetable matter was wood, because it is a fair repre¬ 
sentative of all other vegetable bodies when submitted 
to destructive distillation^ as exposure of any decompo¬ 
sable matter io close vessels at a high temperature, so 
as to collect the products, is called. But it is only 
when submitted to destructive distillation that wood mu 
be considered as^he representative of other vegei|p|o 
mattery and when we look to the ultimate products of 



ORAP, VII. ORGANISED STRlTCTl^nKaJ I3l 

the ilistillation, iiamelyj oxygen^ byclro^Rj carbon, and 
a;^otc. * 

These aie called tile f'/mnents of vegetables, 

liccaiisc the clicompoBUiou !iag proceeded to the ItiH 
titage that is aUainable in^their analysis. But besffl^ 
tlicse, and their imuiediate combiiiatioyformed during 
the ciestiuftive tJistilUtioii of vegetable matter, there are 
other COD I hi nations whicli naturally e:dst in the vegetable 
structure, and wbioh offer *lieinsel\es to our observation 
without being subjected to «'^ny complicated process, 
These couildtiatloiis, being the fco the'natural con¬ 

stitution, and the more immediate objects of sense when 
Tve examine ally vegetable organisation, are called the 
prfi.riwfifr principles of vejjetables. 

Jt will not be tiecessaftr in this place to t^jiscribe the 
vegetable proximate principles \ they will come in here- 
after: they do not iieetl any introductory remarks, as 
they exist reatly-formal, and offer no <]ifficulty to an easy 
comprehension of their state of t^xistence in nature. 

Having acijuired some acquaintance with the *vast 
variety of form under which the objects constituting 
the v(‘getahle world appear, anil* the simplicity of 
their composition, the next subject of contemplation 
is the animated part of creation, — the most inte¬ 
resting and stupendous of alh How much iniire 
mirable and surprising juust thi^ stmctur« of a living 
animal appear, when it is known that jt is composed of 
but a few dements such as have been formerly desenbed, 
— little more than the meanest vegetable, and fewer 
than many minerals. 

Tlie materials of which animals are composed being 
nearly the same as those which compose plants, tlir 
difference is in their relative quantity, and in the mode 
of combination. The combustible substance, pliosphorus, 
liaa betm detected in small quantity in some vegetables, 
as in the onion; but it exists in large quantity in the 
bones of animals, — not in the state of phosphorus as 
conai|l^nly seen, but disguised by combination with 
oxygen in the state of an acid, and this add combined 
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with lime* Tilt)'bones of animala, thenj consist chiefly 
of lime and pbophoni; acid ; at least these ingredients 
( 5 ompose their earthy basis, as it is called; hut it is im-* 
pregnalett witli animal matter that adds greatly to their 
streflgdij toughness, and solidity. The other element 
wfiich exists largt;ly in animal matter is aKOte : it is also 
a constituent'part of several kinds of vegetable matter; 
and it singular that the same azote which aihls so 
much to the nutritiousneas ar^^l flavour of animal food, 
renders vegetable matter dlygicfeting to the taste, and 
poisonous. This will appear more fully when we come 
to consider the proximate principles of plants called 
vegetable alkalies, which are known to be highly azotatetl, 
and which are all bitter and deleterious. Muslurooms 
also contain much azote, as 'T infer from the circum- 
stance which 1 have often observeil, that their juice, 
during putrefaction, generates a large quantity of am¬ 
monia ; for this consists of hydrogen and azote. There 
cannot he a more deadly poison than some mushrooms* 
It is EH illustrative fact, that mushrooms, on account of 
containing so much azote, approximate very dasely in 
flavour to animal food. During the destructive distil¬ 
lation of animal and vegetable matter, we find differ¬ 
ences of results corresponding with their difference of 
conAposit^n ; animal matter gives rise to the production 
of ammonia, a power Ail alkali; and vegetable matter 
affords a product of quite an opposite nature^— the pow^ 
erful acid, vinegar* 

The chief iubstances, then, which enter largely into 
the composition of animal matter, are oxygen, hydrogen, 
azote, eSrbon, phosphorus, lime. We aljso And some 
other kinds of matter, as certain acids and metals, but 
in quantity so small as not to aflcct the truth of the 
above statement, that the foregoing six ingredients con- 
Rtitute the great bulk of the animal fabric^, 
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CHAP. I. 

KLEMEfTTSj OR SiWlE SVBSTANCEfij A^D TUEIR IBfME¬ 
DIATE COMBINATIONS, 

In chemistTyj the word element ]jieans what is otherwise 
called a simple jcubstancK ; ~ one that is not known to 
contain more than one kintl of matter* When a sub¬ 
stance is known to contain tw& or more different hinds ' 
of matter^ it U called a compfiund, The metal irt)n is a 
simple substance ; it is of tbe same nature throughout, 
and no other kind of matter cad be extracted from it: 
but rust of iron is a compound, for it inay be resolved 
into metallic iron, oxygen, and carbonic acid* It is pro¬ 
bable, however, that many of bodies which chdlnists 
at present consider simple, m«y be herfiafter discovered 
to he compound* ^The expression, simple substance, is 
not to be understood as conveying any positive affirm¬ 
ation concerning tbe nature of that sifbstance, further 
than tliat it has not he^p proved to be a compound. 


Section I* 

OXTGEN, 

Oxygen gas is a permanently elastic Huid ; that is, one 
which no com pressing force or degree of cold hitherto 
applied, has ever condensed into a U;piid or solid* It is 
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is transparent colourless: 100 cubic inches of it 
weigh j^raiiiif ■ aiuij as the sarae bulk of com¬ 

mon air wci^^hs 30‘81i5 grains under the panic cir- 
curastancesj t)ie specific gravity of oxygen must be 
I;l*507.^ 

Oxygen gas ^ujiy bo obtained by the following pro-* 
cess : Procure a cast-iron bottle^ with a tube of iron 
ground air-tight into its mouth. Such are now com¬ 
monly sold by the iroii-fciindvrs for cheinical purposes* 
Into this introduce a quantity of black oxide of manga- 
nesCj-—an article sold IJy most druggists ; fit in the tube, 
and bed the bottle in a good coal lire, building small 
bits of coal all rounds so as to heat tlid'bottle to a bright 
red. Oxygen gas will soon .'begin to be extricated 
abundantly*, In. order to collect it let a bottle be filled 
to the top with vraterj and cork it so that the cork 
having excluflcd its own bulk of water^ the bottle re¬ 
mains full. Invert the bottle^ plunge its neck under 
water, and take out the cork under water; the bottle 
will still remain full. 'I’lic bottle and tlic vessel of 

• This is bo djjrctc?nt fVain I it I, the sptrjfjc KrflviCjr 

acIoptijO Uy chiMiiibtH oi'nTitain^ thjt T thint it r)(>f:c^i]iiTy to 
assign my rpaanna lot it above. Accorriing to ati fXf>erninP!it whitih 

appears to havolhfron nictJilo uith c^vi^ry nttontiOn to aocuracy^ by Ur Thoin- 
non, lODtiiVnr inrht^ of dry oxygen at ji nno.iii prt^ssuro and tempera¬ 
ture, weigh am grains — Fa st Pt i 

Acqppling to bir H i^hut'khuigb Evelyn, jtXi enbic iinfhe^ of oomitionair 
weigh nut hy Bjot is difllrent rfir 

PfiSf}\iquef Uun i Rmt that utlde^ n pressurv of j(l and 

the teinijerature of meltirig lee* it liiru ol dry rituiDfc^ihvnc Jtir weighs 1'3 
gratnmeH to iinother plit e hegiveti another determuinUi^ which nriiTcely 
differs from this ; nml Theiianl {T/uitf f/i" Chimirf i. without men¬ 
tioning the acitlianty, gives i gramme as the rD^iiU of cxfieriment. 
'We may, therefore, ^insider 1gramme os the weight of a litre of dry air, 
nOCrrritmg to these authnrUieR, 

A litre, eakiiUttid trum captain Kater> determination of the metre, 
egual tki 0] <jp70 cubic inches. A grAtinme 1 cBtimatc at 15 4253 gramt^ 
and, although the Cbtimatrs of the gr.im)(ne, and of the equivalent of tho 
litre, dilfbr from what na in bo R>und m 1 holi^ve tficm to be correct, 

having gone over the calcutattnn several times. The equivalent uf D'^p 76 
is barometneal iiichcs. The cubic inch of water at haa been 

fotuid to weigh ^V2i5^ grains; fhat is, £^55506 grams At 6I[)^h Taking these 
estimates as delta, and ronverting the pressure, temperature, and volume of 
air given by Btot into English inches and grains, I find, that, according to 
him, too cubic inchei4 of dry alvnoi^phoric air weigh 31T23 grains. 

But sir G S. Evelyn and M. Biot are entitled to equal conhdencej and 
their experiments were maile with great attention to arcuracy. It ij, 
therefore, proper that shoulil take a mean of Ixith ; the mean of both 
ntimbcTB is 3U KU5 grdlns; and (his Is the weight of lOOrubio incheit of air. 
Tf this be admitted, wo obtain the speciBc gravity of oxygen by the folLow- 
Sng piopottion: —aa0iX5;33tUSd 4 : 1-OOU i 1-JD0T3S, u in the text 
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water should be previously so arran|:fd that the end 
of the iron tube can bo pUiiij^ed lAider the surface of the 
water; or, if the iron tube be not long enough to reach 
the vosisd of ivatefj a tin or copper tube may be slim:ied 
on the end of^lbe iron ope, and a piece of wet hlafldfi 
tied over the juncture. The gas will up through 

the water: the first portions will be coTunion air, con- 
taine<l in the iron bottle anil tube expanded by heat. 
When this has been al1o«^ed to escape, slip the mouth 
of the glass iHJttlo over’tlie eiyl of the tuhe, so that the 
bubbles of gas may enter the bfittle., fn proportion aa 
gas enters, water will leave the bottle j and when it is 
iiOed with ga??, pup in the cork and remove it ; or, with¬ 
out putting ill the cork, i;gss a ciip into the water, under 
the mouth of the bottlt!^ and remove botl’^ bottle and 
cup — the latter remaming filled with water, so as to pre¬ 
vent gas from escaping, or common air entering* Other 
bottles may then be filled in succession. If cylindrical 
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jars, or bell glasses, are to be filled, they Tnay be treated 
in the same manner, beitjg first plunged down into water 
SO as to fill them, atid then raised up with tRe mouth 
downward, taking care that the moutli always remains 
an inch or two under water, so as to prevent 4;oTniTion 
air from entering. The most convenient vessel for 
holding water for these purposes is a trough or cisteni 
made of wood or japanned tin, with a shelf about two 
Inches under the intended surface of yie water, for sup^ 
porting jars or phiala while they are filling with gas. 
The shelf is not absolutely necessary. This vessel is 
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called the pn^matifi trough^ and is useful lu all cases 
where gases are confemeilj unless the gas be absorbable 
by water. It willj in procuring oxygerij be advisable 
that a little newly slaked Hme be dissolved in the 
'mfjber: for this will more certainly absorb any carbonic 
tcid that may be derived from impuritieli or adulterations 
in the matigaifejej both of whicli are often founc^ in that 
of commerce, ^ 

If a cast-iron bottle canpot be procured, one of the 
iron bottles in which mercury^is imported may have an 
iron tube fitted to its^mbuth. Or, if this method is not 
availablcj the following may be employed;—Let a com¬ 
mon Florence oil flask have its moutli strongly wound 
round with cord for an inch downwarilSj in order that 
it may not be burst by tightt/ fitting a cork to iu Let 
a perforation be made in the cork with a round file, and 
a glass tube inserted ^nto it. Manganese is to be intro¬ 
duced into the flask; sulphuric acid is to \>e poured on, 
in quantity sufficient tQ wet it thoroughly; and they are 
to be mixed* The cork and tube being pushed in, and 
the whole made air-tight, the heat of an Argantf lamp, 
or the flame of a cup of burning spirit of wine, is to be 
applied* In a short time oxygen gas will come over, 
the flrst of which is to be r^ected as containing com* 
mpn air. 

Or Some pitre may'be introduced into a gun-barrel, 
the touch-hole of wbicli is closeitl: a piece of common 
gas-pipe may be fitted air-tight h^'luting a wet bladder 
to its mouthy, the other end terminating in the water 
cistern. The end of the gun-barrel containing the 
nitre slvould then be heated irf a good coal fire to redness. 
Gas comes over, but towards the end of^ the process 
becomes impure; it contains azote, and should be re¬ 
jected* Or in place of nitre, the mercurial oxide, 
sold by druggists under the name of red precipitate^ 
may be pourad into the iron pipe and heatef!; This 
is a more expensive methorl: to fumiah 113 cubic 
inches of oxygeft, a troy ounce of red precipitate must 
be used* When of ordinary purity, this oxide coutaina 
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no nitric acii^, and therefore will not afFortlany compound 
of azote: if any be feared^ the firsl^ bublaea will contain 
it all. Mercury^ in its purest &tate^ distils over with 
tlfc oxygen; and it may be of use for thermometers and 
barometers, or for experiments. The red ptecipita^e, 
heated] dry in the oil flaSk over a charcoal fire, wi# 
furnish^oxygen also; hut the heat ^itust be barely 
sufficient^ or it will melt the flask. In this case the 
neck must be wound with annealed thin iron wire, not 
with cord: the glass ,tuba must fit in without the inter^ 
vention of cork, and the junctiflrc^must be ren(iered air¬ 
tight by cementing it round with a Soft: adhesive sub- 
sUnci^ called a The lute, which answers in this 

and almost every other case, is very finely powdered 
pipe-clay; not that whiclt )s made into white-balls ar- 
tlflcially, but the rough material as purchasetf from the 
druggi St, This powder should be nwixed in a mortar, with 
as much boiled linseed oil, oflierwise called drying oil^ 
as will form a mass like putty used by glaziers. It must 
be pounded with a heavy pestle for a length of time, 
during which it will become much too firm; more oil 
should then be added, and the pomj|cling resumed. The 
oil must be added and the pounding continued, while the 
mass becomes hard in consequence. The lute is now 
made, and ought not to be applied in any case without 
wiping the parts to be joined yerfectly dry: Tmd the 
juncture should be made amooWand reguiar by rubbing 
it over with the finger* When the Ihte is intended to 
be kept for store, it should be pressed ^to a pot, and 
tied over with a wet double bladder. This kind of 
lute, for there are many others, is distinguisliej^ by the 
name of fat lute. 

Some of the properties of oxygen gas have already 
b^n noticed; the remainder wfll come in under future 
heads. When suddenly and violently compressed, 
it gives out heat and light. M. de Saissy says, that 
none of the gases but those that contain oxygen give 
out light; and that itself gives out the most. CMo- 
line, however, is known to emit light. It has been 
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stated by MnljIIart Jowmd/, xv* that the 

light which scmotiryieij appears at the mu^azle of ait air- 
giin, whea it is dischargerl^ arises from attrition of ^ac¬ 
cidental sanil or hard substaiices adhering to the wadding. 
Ke loaded an air-gun with,hits of sii^ar^ quartz^ fluor 
ilspar, &c,, and^ discharged them : light was produced ; 
but not wlien care was taken to avoid such substances 
in the wadding. 


‘■Section IL 

HTimOtilCN. 


Hydrogen gas is a perniVncntly elastic fluids trans¬ 
parent alid colourless. It is exactly sixteen times 
lighter than oxygetj.: hence, dividhig 1*1007 by l6, 
we have 0"0fi8Ji for the specific gravity of hydrogen* ; 
100 cubic inches of it, thereforCj weigh 2'1197 grains* 
It is between fourteen and fifteen times lighter than at¬ 
mospheric air. The following is the process for obtain¬ 
ing it:— 

A glass retort must be procured; they are sold at 
all glass-houses and chemlsbs' shopsj although generally 
very ill-formed t the shape is given in the figure* It 



should be blown without any imperfection in tlie sub¬ 
stance of the glass, such as tears or stones : it should be 
very thin in all parts, but particularly in tlie bottom ; 
for no glass vessel that is not ttiin will bear sudden heat 

* Xlr. Thftmsfln {Jlfirjfi 71.), rmm cartfUlly exMiiled pstporirtient*, 
aivfd C 0ti34 aw \tB spcci^c ^ravitv i imt htt oir O 9 Evelyn^ji estimate 
of btmosphrtlc Hi b iqih ot bi* Cftlc-lllitUdn. If wc take tho im'yti af 
Evelyn's and Riot's estimate fsce pajfc 134), then Tho)nfinn*« experiment 
gives 0 (XkKB. Herieliuif and DhiloriK it DH)e9jS.j 'I'beae colucidcncfl 
render It pretty certain that the number given In the tent is correct 
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wi til out craclcitig. The retort sliould be hjthnhtttdf that 
iSj it must have a mouth at A, ?ifher fitted with a 
cork or an air-tight ground glass stopper ; the latter 
mode is expensive, ami seldom neceesary. A number 
of small iron should Jbe introduced through tl(f(^ 

tubulature one by one, cautiously, to avqjcV breaking the 
glass,. The nails slioulil then to a gooil deal more than 
covered with water, and sulphuric acid about etjual to 
the weight of the nails sh«uld he poured in, Ebul¬ 
lition commences in the retor^ owing to the rapid 
formation of gas in the liquid. Just «s steam would 
appear iu water ivbile boiling; and gas is expelled 
tlirougli the bmk or foiig neck of the retort. The end 
of tho beak should be pliyigcrl in water, and some of 
the gas allowed to escape, for it is mixed ^vith the 
common air of the retort. The hydrogen gas may then 
be collected in boUks or bell glawsepj filled with w^ater 
in the manner already directed. When the gaa begins 
to come over slowly, nearly the Same quantity of sul¬ 
phuric acid may bo added^ wliich will renew the ebul¬ 
lition, and gas will continue to be discharged until all 
the iron is dissolved* ^inall pieces df zinc may be used 
in place of iron nails. 

This kind of ebullition is called by chemists rffer^^ 
wiSf^tneo; the word merely means the extricatk)n flf 
any permanently elastic gas in the^forin of Hir-buhbles, 

fjydrogcn ga^ as commonly obtainetVhas a disagree¬ 
able sindl, somew'hat resembling phosphorus : but it 
may be so far purified as to be quite frefe*from smell, 
by being shaken in a bottle^with a little alcohol holding 
potash in solution, or with a very large qnanftty of 
water* It cannot be breathed for any lengtli of time 
without occasioning death; a few cautious inspirations 
may be taken, it is said, with no other eflcct than at¬ 
tenuating the voice for a while. It is, however, a rash 
experiment, A frog lives for a long time in it, 

■ In consequence of the lightness of thi^gas, compared 
with the atmosphere, it will ascend when at liberty, just 
in the same manner aa a cork plunged by force to the 
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bottom of alycssel of M^atei would rira £he surface 
if left to obey tbe Jaw of specific gravity. 

If a pig*3 bladder of large size be filled with hydrogen, 
its outer coat may be peeled off bit by bit, until the whole 
^jecoines specifically lighter than thc^ air, and then it 
^ will ascend in ^the manner of an air-balloon. The al¬ 
lantois which invests the foetus of the cow, procurable 
from any butcher, or the craw of a turkey, will afibrd 
an excellent material for a, hydrogen balloon. 

If a bumipg taper be plunged into a jar of hydrogen, 
the taper will 1^ extinguished; yet hydrogen gas is very 
combustible, although it will not support combustion. 
The phil<mphicai candle is a bottle fitted with a cork, 
through which passes a slender glass or metallic tube. 
The materials for generating hydrogen being intro¬ 
duced, ^he cork and tube are fixed in air-tight: hy¬ 


drogen gas wiU be discharged abundantly. Some should 
be allowed to pass off, in order to expel the common 
air present ; for without this precaution an explo¬ 
sion would happen on kindling the gas^ The applica¬ 
tion of a burning body, or an electric" spark, even the 
most feeble, will set fire to this jet of hydrogen ; and it 
will burn slowly and quietly while the efifervescence 
continues. The flame shows almost no light, but its 
intense. Let a small thin bladder, squ^zed 
tight so as ^jo expel^^pe common air, be filled two thirds 
with hydrogen^ and one third with oxygen : the orifice 
being tied, make a pin-hole in the bHtader, and apply 
the hole tottbe flame of a candle j an explosion wfil take 
place as loud as a pistol shot, and the bladder will he 
fihattfred, although the hadd that holds will not be in¬ 
jured* There will also be a vivid flash of light. I 
have seen a person incautiously explode a very Urge ox 
bladder filled with these gases, holding it close to his 
side while the tube proceeding from it was applied 
to a candle: the explosion waa equal to a musket shot, 
and he waa thrown with violence against a wall which 
he stood near^but sustained no ipjury. It should be 
here obseryed, that explosions of this kind, in which 



CHAP. I. 


H¥DROQEK. 


141 


the Tioiae h consider able, are called by cheraisU ddonf^m 
tiOTi^ (from detanaref to thunder). • 

The coi^bustion is so Tiolent^ that the result of it 
cannot be ascertained by making the experiment in this 
form. In a fotm|r chapter^ the product was shown ti7 
be water. But by burning %e philosophical candle in'* 
a large balloon containing oxygen gas, a combination 
between the two gases takes pdace in the flame, and the 
resulting water is instantly dispersed in steam through¬ 
out the balloon, and will cAiidense on its sides if it be 
kept cool; the water will gradually trickl^down, and will 
slowly accumulate in the bottom* The method is al¬ 
together unsatisfactoty, and very troublesome. But 
every pmrpose is as well aiijjwered by employing atmo¬ 
spheric air instead of oxy^n, and the followcheap 
apparatus may be made by any tin-plate worker. 

Let a tin-plate cylinder, A A, beViade, open at the 
top and closed at the bottom, except where the small 

A 


dn cylinder open at both ends, enters it, and is soU 
dcred to it. I^t another tin cylinder, C, close at the top, 
be flxed inside the cylinder A A, and sofdered all round 
B, with two slanting pipes, A A, 'proceeding from the 
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topj and openLifT into die air in the manner of flues* 
Let the cylinder A A he filled with coM water. It 
is manifest^ that if the two-mouthed glass vessel Ej in 
which hydrogen is generating, be placed, so that its pipe 
sliaU pass through the cylinder B, and rise into C, the 
Jet of gas havirjg been previously set lire to, the steam 
of water formed in the flame will condense on the 
surface of the inside cylinder (], by the coldness of the 
external water in A A, and j will trickle down the sides 
of Cf and eventually run outsat the pipe D, into the 
bottle there placed tocecei^e it. Within C the oxygen 
of the cornmou air is continually withdrawn ; and it 
would therefore be filled speedily wi^h aKote—the other 
constituent of the atmosphere—but for the two slanting 
flues A A,^which allow it to piss off, while cohl air from 
file bottom passes in to support the flame. In this 
way water, in any required quantity, may he generated; 
but if the water in tlie external cylinder A A becomes 
warm, cold water may, be supplieil in its place. The 
wat^r thus generated is not pure; besides other im¬ 
purities, it contains an impregnation of tin, which 
renders it a little wljitish* To prevent this, the vessel 
may be Japanned* 

The relative quantities of the gases necessary to form 
water ^ well ascertained : one volume or measure of 
'oxygen requires exactl^two similar volunies or nieasurea 
of hydrogen ; th^t ifi, 1 00 cubic inches of oxygen would 
require 200 cubic inches of hydrogen. The weight of 
100 cubic inthea of oxygen is ,^3^9153 grains; the 
weight of 200 cubic inches of hydrogen is 4*239 ; and 
the latter number is one eighth of the former: 
hence, by weight, 1 part of hydrogen requires 8 of 
oxygen, and the result is 9 parts of water* 

But when 1 part of hydrogen combines with 8 of 
oxygen, its affinity for oxygen is not perfectly satisfied ; 
on the contrary, it will combine with as mucli more 
oxygen, that is, l6 parts in all; and then also it forms 
a liquid, to appeftance, and under some circumstances,^ 
resembling water, but aUrprisingly different in all otlicr, 
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respects. It cannot ox.ist at the ordinal temperature 
of the air (60^) ; for even at a degree under thisj^ the 
additional 8 parts of oxygen separate from it by effer¬ 
vescence j and what rcinains is Tvater. It rnust^ tliere- 
forCj always be preserved at a very low temperature# 
When dropped ofl certain metallic oxidesj an explosion* 
takes place^ accompanied witli heat and Itghtj and the 
hydrogen loses half of tlie oxygen with which it Itad 
been combined. This compound coiif^ist-s of X part by 
weight of hydrogen^ and bfi of oxygen : as no greater 
quantity of oxygen ia known to cAiJune with hydrogen, 
the liquid is called pero^isMe 0 / hi/dirogcn. No known 
cold can freeze it. y' freely applied to the sJtirij the 
latter is destroyed. It is prepared by a difficult and 
complex process* • 

Oxygen and hydrogen do not combine by mere mix-* 
ture ; their elastic state prevents thif^: but if subjected 
to violent compresBion, or if a taper be applied, they 
explode, and water is formed* Tjiis mixture of gases, 
if heated in l tube at a degree lower than tliat at wlii^h 
it explodes, enters into combination without any cx-^ 
plosion, and water results. , 

An intense heat, neatly the most powerful known, 
may bo produced by the flame of a stream of hytlrogen, 
forced from a bladder through a blow-pipe tied to 
directed on the substance to be kcated ; ^ud another 
stream of oxygen blowinj^from a similar a]jparatus into 
the flame just where i(tissues from the blow-pipe. 

If an avoirdupois ounce of common rod^ron be dis¬ 
solved in sulpliuric add diluted with water, tlie quantity 
of Ijydrogeii evolved is 738 cftbic inches: the same Height 
of zinc aflbrds but 598 cubic inches* 
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* ^ * 

Azote, or nibr<f^en, is a permanentljr elastic gaSj trans¬ 
parent, colourless, and inodorous. Its specific gravity is 
0'9748 * ; and 100 cubic inches of it vreigh ^0*0355 
grains, * ^ 

A number of process^^s have been given in chemical 
boots for the preparation of azote, but they are tedious 
or troublesome, or both. The following is a method 
which I have found to succeed : — Take a holtle capable 
of containing a gallon (277^ cubic inches), anti lit a 
cork accurately to it^ throw jnto it 22 troy drachms of 
the salt sold by druggists under tlie name of green cop¬ 
peras, or sulphate of iron, with half a pint of water; then 
pour as much water on 4| drachms of roche-Iime as wiU 
slake it; and when slkked, throw it into the dissolved 
sulphate of iron. Cork the bottle perfectly close; and, 
having inverted it, immerse the neck in a vessel of water 
to prevent the entrance of air, ^ly agitating this mix¬ 
ture briskly during a few minutes, still keeping the neck 
immersedj the whole of the oxygen present in the com¬ 
mon an, which the bQttle had contained, will he ab¬ 
sorbed ; and, 5n removing the cork under water, a quan¬ 
tity of water will rush in, equal to {he volittne of oxygen 
which had been removed* The air now remaining in 
the bottle is pure azote ; its volume is 222 cubic inches, 
and it may be transferred int^j any other vessel by flllii^ 
that vessel with water, inverting it so that the mourn 
shall be in water, then getting the mouth of the bottle 
under the vessel, and turning the mouth upwards: water 
Trill enter, and azote will rise into the vessel. The 
quantity of sulphate of iron and lime here directed, ia 
jufit double what would be required by calculation ; but 
the process is thjjs hastened. 

* For 4 fizote + 1 ok. = £ conunoa Air : and 5 ^ I'lO07 = whSch* 

dlTlded by 00718. 
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If a btiming botly be immersed in a jar of azote^ it is 
extinguislied as instantaneously as^ Sf plunged into water. 
No animal that breatlics can live in azote ; and from 
this circumstance is derived its namej which signitres 
li/e-flepriver. It^a not combustible; it enters extensive^ 
into combination: it is an ahnirdant e^^^ent in animal 
matter; and its existence in such large quantity is 'a 
chief distinction between th<i constitution of animal and 
vegetal)!e matter, ^ 

It haj3 been already ^lown tliat the atmosphere is 
composcfl of oxygen and azo^e f in ^very 100 cubic 
inchc-fi of atmospherie air there are ^0 of oxygen* and 
SO of azote: hcncc»Llie oxygen is one fifth of the whole 
volume of any measure of ^ommort air. There is great 
difibrence of opinion as tJ whether tlicse gases are 
merely mixed togetlierj or whether tfiey are in a state 
of chemical combination. Strong ftrgmnents have been 
advanced on both sides* and the question remains yet 
undecided.. It is now no longeit confined to the mere 
constitution of the atmosphere* but has extended to'the 
constitution of all mixed gases. 

Those who sup^iort the opinion tlvat the two gases are 
chemically combined in tlie atmosphere* found their 
belief upon facta like the following: — The specific gra¬ 
vity of azote is less than tl)at of the atmosphere tAie 
specific gravity of oxygen gas is greater. 'Now* since a 
certain volume of oxygen is heavier tlign an ecjual vo¬ 
lume of azote* wc should expect* that if in the atmo^ 
Ephere they be merely mixed without th^ operation of 
affinity, the oxygen would at length subside to the earth* 
while the azote would float above it. But we knt9w that 
the fact is otherwise ; for air taken from the greatest 
I devations to which balloons ascend* affords the same 
relative quantities of the two gases. Atmospheric air ia 
also of the game composition in all parts of the world. 
This consideration appears to favour the opinion* that 
between the two gases some chemical attraction subsists; 
but there are also con^ddcrablc objections to this view of 
the subject* 

Xi 
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It may be objected^ that if the oxygen ami are 
thus combined^ some'of those vlieinlcal changes ought to 
be observable whicli indicate combination, and new pro¬ 
perties shouhl be evolveib But none sucii are discover¬ 
able ; for the specific gravity of common air is the mean 
of the specifit^cavities of oxygen and azote: and its 
chief properties seem to he a mean of tlie properties of 
its component gases« 

A view of the subject has been proposetl by Dr, Dal- 
touj which is not liable to these difficulties, although not 
free from objections of another kind, l>n Dalton con¬ 
ceives that the repulsion which produces the elasticity 
of the atmosphere^ docs not subsist hotweon asioto and 
oxygen, but between azote anf^^azotc, and between oxygen 
and oxygea. He conceives thUt, with regard to oxygen, 
azote offers scarcely any resistance to the indefinite ex¬ 
pansion of that gas ;'and that oxygen does not resist the 
indefinite expansion of azote* In fact, he supposes that 
each acts as a vacuum io the other, and that whatever 
pressure a ]mriiqle of oxygen at the earth's surface sus¬ 
tains, that pressure arises solely from all the particles of 
oxygen above and around it, but none whatever from 
those of the azote ; and, conversely, that a particle of 
azote at the earth’s surface is pressed by all the other 
paVvicka of aaote in the atmosphere, but not at aU by 
the oxygen* “^Each ga^s thus sustaining only its own 
weight, it would expand itself, regardless o^ riie other; 
both would press upon other bodies, but neither would 
subside according to its weight* And although, at 
very great heights, there might be a difference of tlie 
relativt^ proportions of the oxygen and azote, in conM- 
quence of the great total predominance of azote in the 
atmosphere, this could not be observed at such heights 
as are within our reach. He conceives that the two gases 
are not iu any manner chemically combined. 

^ The most obvious objection to the hypothesis of Dal¬ 
ton ifl, that we^ it admitted, it should follow, that by 
connecting a glass globe filled with oxygen, and one filled 
with azote, by a stop-cock, the heavier gas being under- 
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neatlij the TTtomenI; the communication is opened there 
should be an iiiiitantaneous iinixtu:ft. Dr* Dalton made 
tlie followinf^ experiment: — A pint phial filled with 
carbonic acidj and an ounce phial of common air^ we|e 
connected by a^kss tube^ thirty inches long and 
third of an inch bore, so that both phi:i%were air-tight 
with regard to the external aifj and communicated with 
each other through the tube* I'his apparatus stood ver- 
tically^ the coTumon air Ixdng uppermost. In one 
hour^ the comm on air ]^ial had. acquired no sensible 
quantity of carbonic add gas; in three lioursj it had 
it in great plenty*^ Dr, Dalton adduces this experiment, 
to prove that the ajiceut of the air in tlic lower iTsael jg 
not attributable to cheinkal adinity^ as none subsists 
between the two gases; fiid he infers that «t favours 
Ins hypothesis. It seems to be as much an evideuce 
against his hypothesis* If each gr.s acted as a v?^i\um to 
the other, there ought to be an instantaneous commix- 
tUTC, But, to remove this obstacle, he says that the gases 
meet with some mechauical obstruction, owing to fticir 
minute division, wliile passing each other in contrary 
directions. Is it conel^ivable, that»iiuch an ohstniction 
could exist to the transmission of two gases tlirough a 
tube one third of an inch diametery and tliati for the 
space of an /tonr^ there should not have passed 
smat/est quantity of the (arbonic acid gas iftto 
This experiment seems qnile fatal to*the iiypotliesis- 
He has a^lduced otlicr experiments, made with the same 
kind of apparatus, but using gases v/hicli 5re not ’vnown 
to have any direct affinity^for eacii otucr; such as car¬ 
bonic acid gas and hydrogen. In die mixturt* which 
took place of these tivo gases with each otlier. Dr, Ilalton 
conceives that affinity cannot be supposed to be con¬ 
cerned, as they are not known to have any affinity. That 
conclusion may, however, be questioned* It may be very 
true that carbonic acid and hydrogen do not maiiifeBt 
any affinity for each other in their ga^ous state; but 
it is quite certain that the tliree elements concerned-^ 

* Manchcetef MetddirSi Sooand Seriesg i. £ 61 . 
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carbonj oxygenj and liytlrogen — have^ collectively, a 
powerful affinity for'Teach other, and constitute the basis 
of vegetable organised matter* The obstacle to the suc¬ 
cessful exertion of their affinity, is the elastic form: but a 
partially successful exertion may be cortfieived to operate 
so far, that th($’solid elements would be retaiiuxl at the 
limits between calorific repulsion and chemical attraction; 
the latter force being active in a slight degree, but not 
sufficiently so to effect a combination. As to similar 
examples, drawn from other gases which are not known 
to possess affinitf' for iach other, it may he replied, that 
we can scarcely view affinity in any other light than as 
a general property of matter. Wlieft' bodies do not obey 
the tendency of their affinity., it is because counteracting 
agencies wc in mo’e powerfui operation* We have an 
exam])le of affinity, the efficacy of which is partially 
resisted, ia the case of cliarcoalj whicli absorbs many 
times its own volume of various gases, and gives tliem 
out again by being placed in water, or in a vacuum* If 
these gases permeate and diffuse tliemsclves in a ^lid, 
for which they do not possess any affinity more than one 
kind of matter does,for every Other, and without conu 
bining, why may not one gas diffuse itself in another 
gas to which it has no more tlian their general affinity, 
ihMiiL.-)same manner, without entering into an energetic 
combination,'and yet vritliout separating by difference of 
specific gravity J That oxygen ia absorbed by charcoal, 
by an affinity inoperative so far that it does not produce 
carbonic adJ, is proved by the fact, that after a long 
lapse of time this acid gas is really formed, although not 
at first* 

Dr. Dalton conceives that his hypothesis receives 
support from the facility with which it explains the 
various drc=imstances of the existence of aqueous va¬ 
pour in the atmospliere and other gases, and the 
difficulty of accommodating the chemical hypothesis of 
its solution in these gases. If is arguments are the 
following: —Different gases are found to contain the 
came quantity of watery vapour, the volumes being alike; 
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the (leoFity of the inalces no <lifFerence ; for 'wlicther 
it be rare or otherwise, the quaiftity of vapour ie the 
fiatne; the same quantity of vapour would be present 
in the same space, even if tlie gas were entirely removeti, 
and the space *were left a Torricellian vacuum. Ifr. 
Dalton suggests, that by supposing thefrapour of wat^r 
to exist independently of any attraction to the gas^ and 
under no other control than its own weighty the phe¬ 
nomena are disi^mbarrashCit of the foregoing difficulties. 
Hut it may l>e observed,'that it has never been proved 
til at different gases contain tlie ^wtequi^tity of vapour in 
equal volumes : tile experiments of ^aussure, Clement, 
and Desonnes, niejely prove that different gases impart 
the same quantity of water to other substances ; but 
this may depend on the^power of these sultan ces to 
abstract water, and the power of tlie gases to resist such 
abstraction, llcncc, until the faAs be better proved, 
there is no occasion to seek any explanation of them j 
and, if tlie above reasoning be correct, one of the found¬ 
ations on which the hypothesis rests is rymoved. *^rhe 
following considerations seem adverse to J)r. Dalton's 
opinions, and favonrablu to the cbtitnical hypothesis : — 
If vapour maintains an independent existence in a va¬ 
cuum or in air, being neither attracted nor repelled by 
the aerial particles, it follows that rarefying or 
ing the air should mak^ no diffqfeiice in^lie quantity of 
vapour; as is, indeed, affirmed by Dr. Dalton himself to 
be the case. Hut ^ausaure found his hygrometer to Indi^ 
cate dryness in the air which was rartffie^j and humidity 
in that which ivas condensed *; ” and hence he concluded, 
that rarefied air dissolves less vajjour than wlieu it is 
dense." t It is even a well known fact, that when the 
air in a large receiver of an air-pump is suddenly rare¬ 
fied by a few strokes of the pistons, vapour is actually 
seen falling down in inist; and this can scarcely be 
attributed to reduction of temperature, for Dr. Cullen 
found that a thermometer included in the receiver fell 
but two or three degrees. Such was ^ho effect of the 

* eur Neuctint^l, 1763] pr 133. t p* sm 
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heftt tliat tlisappearcd, no inatter how great its quantity 
might have been, * 

If air does not dissolve water, or exert any affinity on 
itj as is Bupposwl in the hypothesis of Dalton, how 
dSes it happen that tlie evaporation of fivater is greatly 
promoted by palijaing a current of air over its surface ? 
If vapour be elevated from water merely by its own 
volatility, tlie passage of air over it should have no 
effect^ or if any, it should hq,a counteracting one, when-* 
ever the air is colder than the water, by depriving it of 
some of that heaf which is the means of elevating it into 
vapour* Many otfier arguments, of the same tendency, 
could be adduced, if space permitted! 

On the other hand, it m^ust be admitted, that the 
affinity ofg, air for watery vapour cannot be the sole 
agency exerted in the solution. The fact that vapour 
pervades a 7'orricellian vacuum, seems to decide this 
point. I am inclined to tliink, that the agency of both 
heat and affinity is nccossary to the explanation of the 
pheL.omena, The increased solubility of water in air, 
in proportion as the latter is warmer, may he explained 
by increase of the nd^ensity of affinity ; for heat is known 
in many cases to exalt its force. 

As to the argument that atmospheric air is equal in 
voli^ 3 ;?J.o the sum of the volumes of tlie two gases which 
compose it, and that it possesses jiroperties merely inter¬ 
mediate betwcen/ho&e of ifs elements, althoitgh a certain 
change in them ought to result, if chemical combination 
had taken plate between them ; it may be replied, that 
as th(^ affinity in ofFective operation is exceedingly weak, 
so much so as to be overcome by almost any other 
affinity, the change of properties should be proportion¬ 
ately trivial. There is an undoubted chemical compound 
of the same elements, in which the volume of the ele¬ 
ments does not alter on entering into combination, 
deutoxide of azote: and with regard to changes, there 
are un question ably some observable, which are usually 
attributed to diliStion, but which may depend partly on 
a weak affinity ; and these are at least as striking as the 
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changes which take place in mixing spirit of wine with 
watcr^ although in this case tliereisecnis good reason to 
suppose that afhnity h in operation. 

In hnej as w'e know of no two bodies which we can 
affirm do not j^sscss any affinity for each otlicrj and %s 
there is reason to believe fliat this kin^ of attraetioi^is 
as much a general property of matter as gravitation, 1 
tliink we are not under tlie necessity of seeking the 
explanation of the mixture of gases oh a gratuitous 
principlG, wliich supposes the caloric that exists in or 
surrounds two parti cl efi of dili^l^nt l^inds of matter in 
the gaseous state to obey a law diatnotrically the reverse 
of what we know Hrould act upon them, if they were in 
the liq[uid or solid sitate. 

We have now to consider those subEtance| which are 
composed of azote and oxygen, and an wluch the ele¬ 
ments are univorsally admitted ttphe chemically com- 
bineil: there are five such ; two oxides, and three acids* 

Proto^vit^s o/'— It was stated at page 113. that 
nitric achl and ammonia, when coinbii^ed, form a crjistaU 
line salt, called nitrate of ammonia. If a quantity of this 
salt be introduced into a retort, ai^^l heat gradually ap¬ 
plied, the salt will melt,boil up,and discharge a gas, which 
is to be collected in the manner described at page 135. 
This gas is a comx^ouiid of a?5ote and oxygen : it ^jg^or- 
merly calleil oxkte of ajvOiCf and. 

was discovered by Dr. Priestley. It haj a sweetisli taste* 
Water absorbs threS fourths of its volume of it. It is 
transparent and colourless. At tile pressure of the at¬ 
mosphere it is a gas; hut when compressed, by a force 
equal to about 50 atmospleres, it is condensedj^nd be¬ 
comes an exceedingly volatile liquid, which, however, ex¬ 
pands again witli violence when the pressure is removed. 
It consists of 100 measures of oxygen combined with 200 
of azote, both condensed hi to the volume of 200 mea- 
Bures. Its specific gravity is, tlierefore, 1^5252; for ' 
twice the specific gravity of azote, 1 ‘9497j added bo the 
specific gravity of oxygen, l*1007j affl divided by 2, 
gives 1'5252. Ur, Thomson ascertained by three expe¬ 
ls 4 



15S 


ELEMENTS OF CHEMISTJIY. 


PART II* 


rimentSj which agreed^ that the specific gravity is 1 *5259^ 
a sufficiently slril?Ing cofi^spondence. 100 cubic 
inches weigh grains. Cotnbitstibles bum 

in this gas: a candle burns iu it with less brilliancy 
than in oxygeHj but greater than in cowunon airj it at 
l^jgth becotnes Surrounded with a bluish halo : sulphur^ 
phosphorus, and cliarcoal, require to be well kirulicd be¬ 
fore tliey are introduced into it^ otherwise they do not 
bum ; and an iron wire biirnfi iu it as it does in oxygeHj 
but for a sliorter time. 

The most reinf».Tkabk V^perty of this gas is its effect 
upon animal life when breathed. If an oiled silk bag 
containing itj and furnished with a Cube to hold in the 
mouthj be so arranged that ^ person can draw the gas 
into his IqngBj and breathe it''back and forward a few 
times, it will produce extraordinary scnsatio];iB of a 
highly pleasurable lAiulj accompanied l>y an increased 
vividness of ideas, propensity to muscular exertion^ invo¬ 
luntary laughter, and the greatest exhilaration^ without 
the (f subsequent languor and depression that follow 
ebriety. Sometimes, however, iu peculiar constitutions, 
we find the only eftept, in the firsft instance, to be a seusi 
ation like the approach of fainting* In one instance, 1 
saw it produce effects reHcmbling apojdexy; but no 
sustained. It is probable that this gas may 
yet be fountf of in'pacdidne.^ 

of — The second conipevnd of oxy¬ 
gen and azote was formerly called gas; but, in 

conformity with the principles of nomenclature already 
explained, it is at present named deuto^ride of amte: 
like the» former compound, it is a gas. Prt)toxide of 
azote requires .00 measures of oxygen to 100 aaote: but 
in order to form thi§ deutoxide, 100 measures of azote 
combine with 100 of oxygen, that is, twice the bulk of 
oxygen contained in the protoxide: these equal raeaaurea 
of the two gases unite without condensation, and there¬ 
fore form SOO measures* 

fhia gaa may he obtained by mixing three parts of 
concentrated nitric acid with four of water, both by mea-t 
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miTO, pouring the mixture on copper vfire cut into 
bitsj anil contsrined in a gSfes retorf, the beak of which 
is plunged in w^ater : red fumes and an effervescence 
appear in the letort; aitd when the former disappearj the 
gas may be colli^cted in bottles or jars, as already d£ 
scribed. This gas is very little beavitf^than comitfflh 
air^ 100 cubic inches weighing only 31*975* As it is 
coin[tOBed of equal measures of oxygen 'and azote^ witli-' 
out condensation^ it is easy Jo see that its Hperitic gravity 
must be tbe arithmetical diean. Oxygen is 1*1007^ 
azote is j the arilhinAical lufan r0377; and 

this is the specidc gravity required, , 

If a lighted cantMe be immersed in deutoxide of azote, 
it is immediately extinguished ; It also tlestroys animal 
life* Like the protoxidt? it continues the (ipmbustion 
of chareoal and phosjihorusj wdieii these bodies are in* 
troduced already burning* This gas has not been li¬ 
quefied by pressure, 

Its most leinarkablc property* is its effect on oxygen 
gaSj who tiler pure, or as it exists in the atmosplfere* 
When these two gases are mixed^ they instantly assume 
a deep redj or orange brown coloui* If 100 measures 
of oxygen, and 20U of deutoxide of azote, he mixed, 
tile change of colour takes place^ and the wdiole is sud¬ 
denly condensed to 100, The resulting comptijiiii i? 
called nitr&iiii^ aciV/ vapourj and is^ext to ITo dcscril>ed. 

Nitrous arid ,—The above mentionutl vapour, when 
sufficiently cooled, is condensed into a liquid calletl iii* 
trous acid. Jn the 200 measures of deutoxide of azote 
employed, there arc lOOoroxygen, and 100 of azote: the 
100 of oxygen Adde<l to me 100 with which the dent- 
oxide had been mixed in the experiment, give the com¬ 
position of nitrous acid as follows*— 200 measures of 
oxygen combined with 100 of azote, tliat is, four times 
the quantity of oxygen contained in the protoxide* The 
300 measures condense into 100 of nitrous acid vapour, 
or into a liq uid, if the temperature he low* 'I’his liquid 
id very different from what is called nitrous acid in'eom- 
nierce. The real nitrous acid is very volatile; it boils at 
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82^, Its specific gravity is 1'451: it contains no waler^ 
for it may bo formei^ from gases which a^e perfectly dry* 
It has a powerful affinity for water : water added^ changes 
its colour to oraugCj yellow^ or greeny according to the 
fttio; much water resolves it iJito dei(;toxide of azotej 
’which cscajjes^< md wiMc acidj which will presently he 
described. 

//ffjiouifrtms is so named; from its containing a 
quantity of oxygen less than wfiat exists in nitrous acid 
last desicribed (^iro; under), i 00 measures of oxygen he 
mixed with 400 of do'*lt^xide of azote, and the mixture 

■U ^ 

is then exposed to intense coltl; tiic whole condenses into 
a green liejuid. ^l^he volatility is suv^h, that it can only 
retain the liquid form at very low temperatures. This is 
hyponitro^is acid : its composition is obviods, from what 
has been staterl almve; for as there are 200 measures 
of oxygen in the 4C0 of deutoxide employedj and 100 
measures of oxygen were added, 300 ineasares of oxy¬ 
gen' combine with the 200 measures of azote, which 
coodituted the remainder of tlic deutoxide of azote. 
This is three times as much oxygen as existe in the prot¬ 
oxide, Hyponitrolls acid is detmnposed by water: yet 
if sulj}huric acid be present, the tlirce btnlics enter into 
combination, and we obtain a compouml, consisting of 
hyponitrous acid, sulphuric acid, and water, in the form 
of a crystalline solid. 

firid. — There is but one more ^mbination of 
azote with oxygen ; in forming it tiJc azote is saturated, 
and does not tnanifest any further affinity for that gas. 
It cannot be productxl unless'water be present, and it is 
known to chemists only as coSitaining lt» If 100 cubic 
inches of oxygen and 133^ of deutoxide of azote be 
mixerl, w ater being present, the two gases are completely 
condensed, and the resulting compound is called ?ii(rie 
acid. Of the 133J cubic inches of deutoxide of azote, 
one half consists of oxygen, whichj acide<l to the 

100 of oxygen, affords l6fi j cubic inches; and the otlicr 
half (66 ^) ia'^izote. Hence, as 66J of azote require 
166^, by the rule of proportion 100 of aaote will require 
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250 cubic inches of oxygen; and tliisj accordingly^ is the 
ratio of the two eleinorita in nitric icid. 

Nitric acidj composed of the same elements combined 
in the same proportion, may he obtained by exposing a 
mixture of rendered perfectly pure by repeat Jfl 

solutions and crystallisations, ■with a^ equal weight 
of the strongest sulphuric acid^ to a moderate heat in a 
glass retort: the acid will distil over into the neck, and 



trickle down into tl^e glass receiver A, providefl that the 
long neck of the latter be kept cool'tey constant sponging 
witlx cold water. This acid contains about one fourth of 
its weiglit water, derived frotv^ tlio sulpliuric acid. If 
the nitre had been rendered perfectly pure by repeated 
solutions and crystallisations, and the beat was exceed- 
ingly moderate, the acid produccil lyill he almost colour¬ 
less: hut if it contained common culinary salt, as that of 
commerce always does, the acid will be somewhat yel¬ 
lowish, on account of a little muriatic acid, wh^jlysu- 
linary salt gives origin to, and ^ich dcBomposes some 
nitric acid. Common nitric acid is or^ge coloured on 
this and two other accounts. Pure nitric acid cannot 
exist without a certain ratio of water present in it- 
Unlcss the sulplmric acitl be employe<l in sufHcient 
quantity to afford that ratio of water, a part of tlip nitric 
acid will be spontaneously decomposed; the result being 
oxygen, deutoxide of azote, and nitrous acid, and the 
colour will, consequently, be orange* The process recom¬ 
mended by Mitscherlich as affording the best produce, 
and occasioning the least waste of acid, trouble, and 
fuel, is to distil a mixture of 100 parts of nitre, 96 'S 
of sulphuric acid, anti 40‘45 of watdff The result¬ 
ing nitric acid will weigh 135 pounds, and its specific 
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gravity will bo I S. The third reason for the yellow¬ 
ness of common lulfiic acid isj because it is not always 
protected from the agency of light; this has tlie effect 
of partially flecomposiiig it^ and generating oxygtMij winch 
ekhaleSj and nitrous acid, which imparts the colour* To 
render orange,Cr brown nitric acid colourless, introduce 
it into a retort; ripply a long necked receiver as before^ 
and expose it to heat: the brown part will rise in vapour^ 
and be condensed in the u^ck, What remains in the 
retort is colourless nitric acid; the nitrons acid is found 
in the receiver. ^ 

7^he specific gravity of the strongest procurable nitric 
acid is 1^55^ and then it contains exactly one seventh of 
its Tveight of water: that of commerce is about 1^423, 
and contiicns two fifths of its weight of water. Nitric 
acid has very opposite effects on water, with regard to 
the production of heat. If diluted with half its weight 
of water, heat is evolved; but if the water be in the 
state of snow, intense cold is the result, If nitric add 
be poured rouml tlie rim of a saucer, o*i which lies a 
quantity of warm, dry charcoal powder, the latter takes 
fire, and throws up copious sboVy'crs of brilliant sparks: 
the acid must he strong and a little warm ; and the char¬ 
coal should he newly made and finely powdered. If a 
ignited cliarcoal be laid on strong nitric acid, 
the charcoal bhrns with intense yividness. I have found 
that cantbaride?^ perfectly dry and warm, 2re set on fire, 
if thrown on very strong warm nitric acid, contained iti 
a glass flask* About a tea-spoonful of nitric acid, con¬ 
tained in a phial and tied to a* long stick, will, if poured 
on the^samc quantity of oil of turpentine, cause it to 
burst out into a flame with some force* If poured on 
phosphorus, it causes it to burnn* 

When exposed to 66° helow melting ice, it freezes; 
at 248^ it boils, if its specific gravity be 1"420: if it 
be stronger or a little weaker than this, it boils at a 
lower temperature: thus, acid of specific gravity 1-45 
and of l*B4f iSoth boil at 240°* Nitric acid absorba 
moisture from the atmosphere, if exposed to it. 
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It will Tfiow be useful to bring together the chief facts 
detailed relating to tlie cnnjbiiiationsfjf aieote and oxygen. 
If atmospheric air be denied a place amongst tiie real 
combinations of these two gases, tlie five combination a 
will stand thus:f— ^ 


consistii of 100 a7ote and 50 oxjgen or 2 to I^* 
PeuJyKide - - 100 - 100 - 2 to 2* 

JTy [JO nitrous acid lOO - 150 * ^ to 3* 

Nitrous acid - 100 - 200 - 2 to 4. 

Nitric acid - 100, • - 250 - 9 to 5. 


The nLimbers in all cases reprdfettdting ^ubic inches or 
any other volume. , 


Secoiq^on IV. 

CAKHON. 

It has heen already shown that charcoal is the sub¬ 
stance which remains when wooil or any vegetable sub¬ 
stance is exposed to a red heat in close vessels. TJie 
best charcoal for chemical purposes is ma<lc by covering 
a piece of box-wood in « crucible wjth sand^ and expos¬ 
ing it to an intense heat for some time after all flame has 
ceased on the surface of the sand. When cool^ the char¬ 
coal ts to be taken emt^ and included in weU-closejj^lpt- 
tles. If made at a red heat, ch^Fcoal iam conductor of 
electricity, and burns without flame: if^made at a heat 
below redness, it is^ non-conductor, and blazes a little 
in burning. ' 

AVhen charcoal is set on fire, it burns away, and leaves 
behind a small quantity oi*bshes, which consist alkali, 
earths, salts, and metallic oxides. These are impurities, 
and should be considered as quite foreign to the real 
matter of charcoal. In the same light we should view a 
very small quantity of hydrogen which the best burned 
charcoal contains. The real matter of charcoal is what 
chemists understand hy the word car&on ; and it is this 
only which is to be cousidered as id^fllicaj with the 
diamond (see p. ISS.). 
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Charcoal recently maflcj perfectly dry, and still warin^ 
has the remarkable p.oporty of slowly ahEorbing gasea in 
very large quantities, — in some cases 90 times its own 
volume, — and giving them out again unaltered when 
ifeimersed in water, especially if boiling^t 

is }jrobabl^ a result of this propei:ty,^that it acts ao 
powerfully as an antiseptic, and removes the taint of 
meat that is in progress of putrefaction. The common 
motle of using it,-showever, for this purpose, la utterly 
ineffective. The meat to be recovered should be first 
Tvasbefl extremely welb.soveraJ times in cold water ; it 
should then be covered with cold water in large quantity, 
anti several small pieces of charcoal^ red-hot, should be 
thrown into the water when me what hot: the boiling 
must l>e continued as long as the meat requires it, Ter- 
haps it is on the same account that charcoal minutely 
divided forms a dcntifiice so useful in certain cases, 
Wiiat is soiil in boxes can have nothing to recommend 
it but its grittiness, if ,this be really a recommendation: 
to correct f'elor, it should be powdered with the utmost 
despatch in a very hot metallic mortar, and speedily in¬ 
troduced i[ito a phi^j which should immediately be well 
corked, and even scaled ^V'hcn this powder is used, it 
ought to be exposed to the air as short a time as possible. 
It common practice to char the inside of water casks, 
in order to keep the w^ter sweety for charcoal, sweetens 
putrid water; and to scorch the ends of timber intended 
to remain in the ground, to prevent its putrefaction. 
The bitterness of particular vegetables is destroyed by 
boiling with charcoal, whethe]^animal or vegetable. Char^ 
coal absorbs watery vapour from the atmosphere; and 
probably does so, and retains it, in the same manner and 
according to the same principle that it retains 
There are several cases on record of the spontaneous 
ignition of charcoal, both dry and moist, the cause of 
which has never been ascertained. 

The most intense ordinary heats with which we are 
acquainted, lia5te no effect upon, charcoal, except to ren- 
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der it harder, denser, ami more sonorous*; that is, if 
rto other substa^ice is allowed to actniong with the heat; 
the heat exdted by a powerful galvanic apparatus acts 
upon it ill such a manner as to render it jirobahle that 
the charcoal hai4 been both fused and volatilised; buf 
tlie fact seems not clearly eiftahlished. & 

It posses&es the useful property of depriving various 
liquids of their colour, ami any peculiar or disagreeable 
smell which tlicy may poss?ess, A Jong account of ex¬ 
periments on its i)oweirii in this respect, by Lowitz, may 
be seen in tJreirs Cliemical Jow^ ^al, loL ii. He tecom- 
mends vegetable charcoal well burned and finely pow¬ 
dered ; but it has siftce been found that diarcoal obtained 
from animal substances is far more powerful. 

When Ciiarcoal is burned ^ oxygen, 
intense heat and light are produccfl: if a bit of the bark 
of charcoal be fixed to a copper wii«, and immersed in 
a state of ignition in a vessel of oxygen^ it throws out 
the most hr^mtiful and brilliant scintillations, which fill 
the vessel in all parts. During this combustion, *the 
oxygen and carbon combine, and tlie result is carbonic 
acitL There is no change of voluipe during the com¬ 
bustion, except a temporary cxpansioii owing to the 
heat; we may, tbereibre, calculate the quantity of ca^'-^ 
bon which has combined, by ileducting the specifi,i;^a- 
vity of carbonic acid from that of oxyge»; —100 cubic 
inches of oxygen weigli gra^s; 100 cubic 

inches of earbouic Sid weigh 4^5973 — : 

the difference, 12*682, is, consequently,^the weight of 
carbon that combines with* 100 cubic inches of oxygen, 
and that exists in LOO cifbic inches of carbonic achh 
Then, as 30^8115, the weight of 100 cubic inches of 
common air t, is to 46'5973, the weight of 100 cubic 
inches of carbonic acid, so would the number I'OOO, or 
jinity, be to the number l'5123j which expresses the 
specific gravity of carbonic acid. 


» Allhoui^h 't nerei haj been the terin tut flour u med 

by chc?Tmf>(f!; it i»i tiercartci cxFlaineii. 



iCO KLEMiiJNTa or cnKmsTiir. 

Carl)omc acid extinguishes flame; this can he strik¬ 
ingly shown by letdinj; down a burning taper to the 
bottom of a glass jarj filling a bottle witli ^carbonic 
^acid^ and pouring it, as if it were water, into the jar: 
Cfie flame is immediately extinguished- It is etjually 
fsikil to life as »to flame, (rrotto dd Cttne, or the 

l>og"s Grotto, in Italy, is well known ; it is an artificial 
cave, in which there is a constant natural cxlialation of 
carbonic acid. The following feat is shown to stran¬ 
gers :— a man carries in a dog, and places him on the 
floor; the dog, if leftloKg enough, (fits ■ but the man is 
not affected ; for the carbonic achl^ by its weight, oceu-^ 
pies the lowest stratum of about E 8 inches' depth, an<l the 
stratum above is pure air : but that it is poisonous to 
man is evinced by the fate of* persons who *incantiously 
expose themselves to tile vapours of charcoal burning in 
ill-ventilated apartnfcnts, or who venture into large ves^E^^ 
sels in which fermentation had been conducted, as in 
breweries, distilleries, &:c. 

In order to generate carbonic acid, it is not neces¬ 
sary to burn charcoal in oxygen gas. Common lime¬ 
stone, marble, chalky &c, arc £j11 compoumls of lime 
with carbonic acid, and the latter may be detached from 
the lime in all cases by pouring on an acid having a 
affinity for the lime than the carbonic acid has : 
a mixture of of vitr^iol and water succeeds ; but mu¬ 
riatic acid is more convenient. Bits of ^halk, or still 
better, marble, may he gently let fall into atuhulateil re¬ 
tort, and dSlutted muriatic acid may he pouretl in, so as 
to lialf fill the retort: the ghs may be collected in the 
manne? already described, except that water will not he 
projier for tile pneumatic trough and vessels, as it would 
absorb the gas; in this case, mercury must be used 
insteatl of water* 

In order to prove that this gas is an add, the beak o& 
the retort, in which it is generating, may he immersed 
in a phial bottle, containing an infusion of blue cabbage ; 
after a little ot ^he gas has been absorbed, the infusion 
will change gradually to red: or, if we substitute lime 
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water for the infusioDj the lime and carbonic acid will 
unite, and ft>rie tlic orif^nal chalt:*whioh was put into 
the retin't;, and which consists of these two ingtedieiits ; 
the chalk thus reiTeneraicd floats thronf^h the water, an^ 
renders it tu]'hi(%. This is one of the characteriKtie pro¬ 
perties of carhutiic add; aiift it nia^^ dctectetWti^ 

or removed fiom, ga'^eous mixtures in which it exists, 

VVater absorbs about ith own bulk of carbonic acid 
spontaiiconsly ; but much more may he forced into it by 
ushij^ mediauical pressure^ as that of a coiificnsin^ syringe 
or a powerful foi ce-pump, Thf neater, Jfy tills tjeatment, 
acquires the property of efFcrvescity^ violently when 
poured out ; it has « brlsk^ agreeable, acerb taste; and, 
although in other respects an acid^ is not tour* If a Uttlo 
soda liad l>ceii dissolved the water previously to its 
impregnation, the rosjultis the beverage called soda 
It is carbonic acid ivhich imparls tin?eflerveacing quality 
to cider, i^erry, ales, ])ortcr, and sparkling wines; and 
it is the same that venders bread spongy* This acid gas 
is expelled from water containing it, cither by boiling or 
freezing. By exceedingly piiwerfal pressure the gas ia 
condensed into a liquid^ but when ihe pressure is sud¬ 
denly removetl, it recovers the elastic form with an ex¬ 
plosion, It constitutes about of the weight ol 

atmospheric air at the surface of the earth ; and W (Uao 
found at the greatest okvation, J*t conatfSiiea an ingre¬ 
dient in many mineraU and mitieral watfrs. 

The diamond, b;^eing intensely heated with a burn¬ 
ing lens in oxygen gas, burns with a bright red lights 
and converts the oxygen iiAo pure carbonic acid gas, just 
as charcoal does. Carbonfc acid gas is, iherefora^ to be 
considered as a solution of diamond in oxygen gai^, even 
when it is prepared by tlic combustion of mere char¬ 
coal. 

Carbonic odFirfe* —When carbon is burned in oxygen, 
the-oxygen is by no means saturated with carbon, as is 
proved by the following experiment:—Takes longearthen 
tube, filled with bits of charcoal, and ]^ace it across a 
furnace, to that it will be heated red-hot almost through 
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its whole length. To one end connect a Madder, half 
filled with carbonic jiliid ; and^ to the other:'end, a flaccid 
bladder^ of tlie same capacity, squeezed quite empty, 
^hen the charcoal is perfectly reil-hot, press the car¬ 
bonic acUl very slowly thjou^h ilic tube., so that it shal! 
pjAk throiif^li thfe red-hot chArcoal into the empty blad¬ 
der ; and pass it back and forward several times in the 
same manner. All the properties of the carbonic acid 
will now be changed : it will be lighter; it will be com¬ 
bustible, and burn with a blue riame; it will be no longer 
acid ; it will not^eahsoTfUdde by lime water; and its bulk 
will V>e exactly doubled. The new gas is ca]le<l auimde 
OnTiV/ff, Were this experiment made with every attention to 
accuracy, it would be found that I0t> cubic inches of car¬ 
bonic acid* weighing 4()\^f)7h'grainsj arc converted into 
^00 cubic iuclies of carbonic oxide, the weight of which 
is grains ; “being an increase of grains, 

whiefi is the additional quantity of carbon taken up in 
tlie process, and just cqj'ial to the quantity of carhon that 
existed originally in the cailxniic acid* Hence 100 
cubic inches of carbonic oxide consist of 12-{)8£ grains 
of carbon and 50^ cubic inclwea of oxygen, weigh¬ 
ing Iti'yS?^ grains ; the whofe weighing SgdjViyfi 
grains: and the quantity of carbon is double what exists 
in jcacbooic acid, consistently with the law of multiple 
ratio. As IM cubi^ inches weigh grains 

(coniinon air bring 30^8115 grainsb itSi^pecific gravity 
must be 0 ' 962 . 

Carbonic oiide easily takes fire; it bums with a 
sulphur blue flame, and geflerates but very little heat 
while ‘l^urning. The result of the combustion is carbonic 
acid; to become which, it is evident, from what has been 
already explained, that the carbonic oxide must combine 
with half its volume of oxygen, and that the carbonic 
acid ^0 formed will condense into the original bulk of 
the carbonic oxide. Although it so readily takes fire, 
it extinguishes the flame of burning bodies when they 
are immersed^h it. 

Tliis gas, if inspired, acts as a poison. Sir H. Davy 
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took three inspirations of it, mixed Tvith about one 
fourth of coi’jmon air: the eftect* 1 vaB a temporary loss 
of sens at ion." Tlie case of Mr, Witter lias been re¬ 
corded by himself (^Ph-iL J\fag. xliii. /368.) : he 

three or foul hearty inspirations of the having^ 
first exhausted the lungs*of comtnott^^ir as mufll as 
possible. The effects were an inconceivably sudden 
deprivation of sense and volition. I fell (ho aays) su* 
pine and motignlcFis on the floor." This happened in 
the laboratory of the ifoyal Dublin Society^ in my 
presence* Immediately aftct 4hc occurrence, wliile he 
lay on the floor, his hrcatlung was ^stertorous, ]iis face 
purple ; and in tli*s state he con tinned for half an hour, 
'^rbe late Dr, Wade chanced to he present; he directed 
oxygen to he forced into tfie lungs : hut it d[4 not appear 
to me that his recovery was attributable to this. 

In order to prepare carbonic oxidt, there is no occasion 
to have recourse to the process given above; the follow¬ 
ing scents the licst: — Throw ^out 20 ounces of whit¬ 
ing into a wide metal iiot, placed on a moderate* fire* 
The damp of the whiting will soon begin to exhale ; 
and the process of its expulsion* will be exceedingly 
tedious, unless^ the luatter be continually stined with 
a peptic, in order that the little masses, constantly 
forming, may he broken down.^ It will be known to 
he dry, when these yiasses 1141 longer form, and the 
whiting is a discrgte light powder* Of this an avoir¬ 
dupois pound should b^roturned into the metal pot, with ^ 
a pound of tolerably bright ii^on filings, and the mixing 
over the fire Tesume<l, so the filings may he perfectly 
dried, and the whole well mixed. The rA^ion of 
guarding so much against water is, that it would furnish 
hydrogen by its decomposition by the iron. The mixture 
should next be introduced into a cast-iron bottle, such 
as that described at page 134>.; the whole of it will 
exactly fill a bottle capable of holding I j pint of wine 
gallon measure = 5f) cubic inches* The iron tube must 
then be fitted into the bottle, and tlie wttle bedded in 
a strong coal fiie, urged continually by bellows, if it 

u 2 
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lac in a comtnon f^ratc. All ihc ves^icls employed iiliould 
be filled with water, ^vhitened by lime, imorder that any 
carboTiic aeid ^iveii over in tlie process may be absorbed, 
^nd thus removed. lly calculation, on pure materials 
and perfect cleeoinposition, the product-Ahovild be (JffOff 
cuUic inches of f^lirbonic oxide': but it will bo a successful 
process, if it be 3^ cubic feet. In this process, the iron 
robs tlie carbonic acid (of the whiting, for it is merely 
carbonate of lime) of half its oxygen, and thus converts 
it into carbonic oxide. 'J’hc' mixture of the two in¬ 
gredients should he vcry^iVitimate, to avoid the evolutioR 
of unaltcrcil carbonic aciil ; the great excess of iron 
used has the same tendency. The Ixjat used for drying 
tlio whiting should not be so great as to expel any 
carbonic aihU 

Carbonic oxide is not known to be susceptible of being 
condenW, by pvesAlire, into a Hipiid, When mixed 
with twice its volume of air, the electric spark is capable 
of causing it to explode feebly, Hed-hot iron or charcoal 
is re^piired to set fire to it; althongh hydrogen, which 
produces so much more licat in burning, kindics from 
iron or charcoal heatud so as to be barely vihiblc— {Dav^y 
At a red heat, carbonic oxide is deiCimposixl by hyLhogen. 
It possesses no acid properties, and is not absorbable by 
water. 

Besides carbonic acidj carbon q^nd oxygen form anotJxer 
acid, called oant^Cy which will be hep^pf'ea described. 

There arc many cum hi nations.of carbon with hydrogen, 
and much uncertainty prevails with regard to their 
number and nature: they are all designated by the 
tiatne f^drocarbo7i:f^ or, more properly, htfdrocarburfits^ 
ffas, or fire-damp, ■—The gas which bubbles 
from the bottom of stagnant pools, is the same as that 
which issues from the fissures of a coat mine: it is a 
carburet ted hydrogen ; at least nine tenths of its bulk 
are bo ; the other tenth being' carbonic acid and common 
air. In tile former case, it originates from the decompo¬ 
sition of vegetable matter contained in the water, and can^ 
not be imitated by art. It has a most disagreeable smell. 



CtfAF* T* 


GARBOK. 


165 


Tvliich^ however, does not depend upon it, but upon foTeign 
matter; for, v^hen we!l washetl, it^s nearly inodorous. 

This gaa is transparent, colonrlcssj and clastic, like 
common air. When mixed with twice its volume ot 

h * 

oxygen gas, ana a lighted taper applied, or an electric 

spark passed through, an explosion tak^js place wiflfi a 
loud report, and carbonic acid and whaler arc the re* 
suits. 100 cubic inches of the gns reiiuire for com¬ 
bustion exactly i^OO cubic jnches of oxygen ; and, after 
the esplosion,tiley are found condensed into 100 cubic 
in cl ICS of carl>onic acid, -oxygcB ia not altered 

in bulk hy being converted into carbonic acid, it is 
evident that 100 ctihic inches of the oxygen were con¬ 
sumed in forming carbonic acid ; to do which, 12 ()H2 
gralnti of carbon were required, and this waif the whole 
quantity of carbon present in tlic original 100 cubic 
inches of carburetted hydrogen, Wc have now only to 
discfiver tlic quantity of hydrogeti which it contained ; 
and, as the hydrogen was saturated with and condensed 
by the otlicr 100 cubic inches of oxygon, it follows that 
there must have been 200 cubic inches of hydrogen 
present, the weight of Vhich is ■4<’2S94 grains. These, 
added to 12*682 graiA of carbon, give us l(vf)21 grains 
as the weight of the original 100 cubic inches of car- 
bur etted hydrogen. We may therefore infer, comparing 
this with the weight of commoft air, that the specitic 
gravity of carhu^**'*+fd hydrogen is 0'54fV 

Oififiant — This^as, which is also called carbu^a^ 
retted hydrogen, is similar in appearance to the former: 
it has no smell: 100 cubig inches of it weigh 29-6034; 
hence its specific gravity is 0'9608 : 100 cubic ffiche#', 
mixed with 300 of oxygen, and a fianie applied, or an 
electric spark passed through, will explode violently, and 
the bulk of the whole will be reduced to 200, — these 
being carbonic acid gas. Hence the original gas con¬ 
sisted of 200 cubic inches of hydrogen ( — 4'2394 grains) 
and 25*364 grains of carbon, all cond^aed into 100 
cubic inches, 

Bicarburetted hydrogen was originally called okfiant 

n 3 
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ffitiij bccfiusej by eonibiiiiition with hytirogcrij it forms a 
liquid w}uch bas ati^ oily appearance* /n huining^ it 
produces a deUECj whiEe, and voluminous dame, which 
j^utuinates htiouf^ly. It may be copiously generated by 
Ilealioi; a mixture of one measure of aicbbol with three 
of A.]jcnitrated^^ulphunc acid in a retort: an efferves- 
ccjicf' take*3 place" anti a gas comes over, which^ al'ter 
a little has escaped, is received in jars in the usual 
way, using water, whitened by lime, iii tho pneumatic 
troiigli, that any carbonic or'sulpliuious acid may be 
absorbetl. ^ ^ 

’When this gas is several times passed through an 
intensely heated carllien or metallic^iubc, it is paitially 
(leeoiiiposed, and it suffers a great diminution of illu- 
iniualing It may be totally decomposed by a 

current of electrical si>arks, 

f’a rbu retted and bicarbu ret ted hydrogen bear very dif¬ 
ferent relations to the well-being of man: the former^ 
when a spoiitaneouii production of nature in mines, is one 
of the most terrific instruments of dcKlruotion, and a 
great obstacle to human industry ; for, by mixing with 
a certain quantity of common ah, it acquires the pro¬ 
perty of exploding when accidentally kindled ; and 
thousands of human lives have fallen sacrifices to its 
violence, until the splendid invention of the safety lamp 
divested it of it^ icrrorst Bicarburetted hydrogen is the 
cliief, although (.not the most abunjl/i.ui^'*ingre(lient in 
gaiti now bo generally useij fur illumination: the 
other ingredients are carburet ted hydrogen, hydrogen, 
and carbonic oxhle. Coal gas is made by introducing a 
quantity of bituminous coal into a large iron cylinder 
called a retort, close at one end, and furnished with a 
mouth-piece at the other, for closing or opening it: 
there is also a tube for carrying off the gaa and other 
products as they form. A quick, strong heat is applied 
round the cylinder; and a vast quantity of gas, com¬ 
posed of the four ingredients just mentioned, is thua 
extricated, witb tar and an ammoniacal liquor, both 
of which are condensed by passing through pipes 
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morscd in cold water* There is a great Lliffereiice in 
the relative p^pertioiis o£ the j^aiAs! in the nuxture^ as 
also in the quantity o£ Ur, according to tlie quality of 
the eoai, and the mode of applying the lieat. The inor^ 
tar tlie gEis hoSis dissulvedj the more dense will be the 
flame when the gas is made to burii^ aJitl the inoi^dis¬ 
agreeable will be the Muell when it is not burning* 
A slow heat gives much tar and little gas, and tliat 
little of a poor quidlty : a quick heat gives much gas of 
good quality, and less flif* Owing to these anil other 
causes^ die illuminating pow^- 4 if coa^ gas varies much. 
Ihdbre it is let through the conducting tubes for public 
coiisLimptloUj It is^vell agitated in contact witli a mixture 
of lime and water, or pastfed throngii strata of loosely 
strevvanl hydrate of lime :*it is thus deprivedfof iiiuoli of 
its srnellj biu also of some of its illuminating power. 
On on average^ a chaldron of g%od Newcastle coal, 
weighing ewt^, will afford lii^OOt) cubic feet of gas, 
proviiied U.at the retorts arc iitwr* After being used a 
lew moiithsj the product will not exceed 11,000 fe^t, or 
even KhOOO. On the whole year, the average may he 
about 11,000* The quality of \hi%gas is such, that half 
a cubic foot per ho\ is equivalent, in burning, to tlie 
light of a mould caiuVle of six to the pound, during the 
same space of time: hence, one pound weight of coal 
will afford light equal to sucl^ a candic for 4] hours. 
An iliuininatinjr cfas ot this kind is sometimes presented 
ruady-formed by natur^. A village of Kredoniaj iu 
western part of the state of New Yoilc^ is lighted wirh 
this gas AS it naturally isl^ues from a rock: the flame is 
large, but not quite so brftliant as tliat of coal gv* 

Oii gas may be prepared in the following manner: — 
A large iron cylinder, containing coke, being heated to 
redness, oil is allowed to drop on the coke by small 
quantities: the oil is decomposed \ and gases, nearly 
similar to those obtained from coal, are ]'roJuced- 
But, in a given volume of oil gas, there is much more 

* chfililTQii taf;rn^r{iUy estimated at 07 cwt* »t4t£meiit4 

«b<iw it to be akmut St3 cwL 

M 4 
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inflammable matter than in an equal volume of coal 
gas; ami lienee^ jn»its eombuslion, a gtoater quantity 
of light is emitted, Jt ia supposed that oil gae lias 
^bout twice the illuminating power of coal gas. An 
imperial gallon of the very hest wlial<# oil will aflord 
abcrtt^ 120 cubi% feet of gas'; but the average proiliict 
does not exceed 80 or 9^3 owing to the had quality of 
the oil commonly employeil. Uesiii gas is mamifacturcd 
in the same manner as ml gaa, except that, instead of 
decomposing oil in the retoftd, they use a liquid pre¬ 
pared by melting^ commgi> am her-coloured resin with a 
kind of thin oil, which arises during the decomposition 
of tlic resiu; and condeusea in the*, pi pcs. This gas 
seems to have an illuminating power not much superior to 
good coal gf-s. Many houses art: lighted with it; and it is 
at prewenl used for portable gas-lights; it being found to 
lose lebs by the corricnaation of liquid hydrocaibon in 
it under the necessary pressure, than oil gas, beside being 
much cheaper, 

Syperolejiant gaa^ -— Beside carburotted and hi car¬ 
buret ted hydrogen, a thirtl gaseous compound is believed 
to exist, which is obtained durinj^ the tlccoinposition of 
oil for producing an illuminating/^as, but which is not 
procurable in a separate form. It has been named supers^ 
olefiant gas. One volume requires, for complete com^ 
biistion, accord!rfg to ill;, flenry, 4^ volumes of oxygen 
gas, and affords/J volumes of carl)onic arjd** From this 
it is easy to calculate its composition. If 3 volumes, 
suppose 300 cubic inches^ of carbonic acid are formed ; 
then 300 cubic inches of* oxygen combined with 
(12'681 X 3 =) 38-040' grains of carbon, which waa 
the whole quantity in the superoleiiant gas. There re¬ 
mained 1^ voluraci that is, 150 cubic inches, of oxygen 
to combine with the hydrogen, which, consequently, 
must have been twice as much, or 300 cubic inches, 
weighing(2^1197 x 3 =) 6-3591 grains, which, -when 
added to the 38'046 grains of carbon, give 44 405 as 
the weight of tffe original 100 cubic inches of super-* 
olefiant gas. The specific gravity of superoleflant gas 
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is therefore r4'112. The existence of this as a 
distin.^t coLtiptyuidj has been qtieslioned; it has been 
suggested, tliat it may be a mixture of carbureiled iiy- 
drogen with some of the other hydiocarbQretted products 
presently t() be nescrilied. But sufierolefiaut gas may be ' 
exposed to a degree of coltl, without oonticusiug iuio a 
liquhl, wliidi tile otlier hydiocaihiirots cannot sustain, 
and coufinne in the gaseous state* This, connccttxl 
with the facts already stated, seems to render it very 
probable, that superolefiarif gas is a distinct compound, 
fts name is inappropriate* * ^ ^ 

'rhe two compounds of carbon and hydrogen that 
remain to be desciibcd were discovered by Dr, Fara¬ 
day, with some others which present less distinct 
results, in tlie oil gaa whith Imd been conijifessed into 
the recipients of Gordon’s portable gas-lights* Com¬ 
pression of common oil gas to .^Onatmosphere seaused 
the deposition of a fluiti, the specific gravity of which 
was but O Dr. Faraday found this to he a mixture 
of various bodies, separable from each other by tiheir 
difference of volatility. By a complicated process, he 
obtained a bicar buret atid a earburef of hydrogen, Bi- 
carburet at common t^peratures is a transparent, colour¬ 
less lii|uid, having a mixed odour of oil gas and almonds: 
its specific gravity is O'850: it crystallises, but the crystals 
fuse at : at 0^ it h white, tr^spareiTL, and as hard as 
loaf sugar; it boiJ^ at 1 burns w ith a bright flame, and 
much smote : its vapour mixed with oxygevi (letonates 
powerfully. The other compound, whicS for the present 
may he called Faraday’s cj’rburet of hydrogen, is a liquid 
at 0'^: it boils and evaporates at a temperatui:'® below 
; the vapour may be recondensed by cold; it is 
therefore not a permanent gas. Its specific gravity, when 
kept liquid at 54® by pressure is 0*627: it is, therefore, 
the lightest body in nature. Its vapour burns readily, 
and witli a brilliant fiame* 

One hundred cubic inches of the vapour of Faraday's 
bicarburet of hydrogen require 750 cubi<rinches of oxy¬ 
gen for their combustion^ and the result is 600 of car-^ 
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boilic aciJj aiul the diic product of water- The cai buret 
of hydroj^eu lequii^tj fiOO of oxygen, an^ tlie refiultiiig 
caibonic acid is WO cubic inches. In the manner air eatiy 
shown, we may hence calculate the cciislhution of both, 
the hpecilic graviiies of their vapi^ur. Fataday's 
hic,i 4 Efuirej: mus* censisc of (?(i0 cubic inches of carbon 
vapour^ and ']0l> of hydrogen condensed into 100 cubic 
inches ; hut the carbuiet is C[an|)CKed of 4t)0 eubte inclies 
of Ciirhon vajiotK^ and iin equal volume of hyflrogcii cuJi- 
de tjscd ijiLo HH) cubic indies' * 

Aiiifjngst the jiames ,of these five compounds there 
exUts much confusieiu ; and the necessity of lefotm m 
the existing noinciiclatuie of the stfieiicc is no wdicre 
more conspicuous. The source of the perplexity in this 
case iiriscsf Irom a drcuinslsfiice in the conF-tituiien of 
matter wlikh has but lately come under the coguiKance 
of chciuisiSj and fo« wlncli uo provision was made by 
the fKiiners of the luniienclatuie at present in use when 
their system was oiigiwaiiy promulgated. It was for¬ 
merly supposed, tliat when the ingredients of two com¬ 
pounds and their relative quanlitieis arc the same, the 
compounds thcmsolvfs are ihc same. This view is now 
found to he incorrect. The elein^LS atid their ratio may 
be identical, yet the resulting compouiiLla may be totally 
diffejcnt in tlieir properties. Of the truth of this posi¬ 
tion, peihapSj nef better yroof need be adduced than some 
of tlie hytlrocatbuu'ts at present unfler, coudderation; 
although the ndatiou of phcsphpric and pyropimsphoTic 
acids, that of acetic and succinic acbls, and of the two 
kinds of tartaiic and stannic iSdds, to each other, might 
be adduced. We have a gas wflkh contains 200 volumes 
of caibon vapour, and 200 of hydrogen condensed into 
100^ another which contains 300 volumes of each con¬ 
densed into 100 ; and a third, which, in 100 volumes, 
contfitns no less than 400 volumes of each- 

In these cases the ratio of the ingretlients, which is 
the circuinst|nce that determines the prefix of a name, 
cannot be made*the basis of a disiinctive appellation, it 
being Uie same in all. They should, so far aa the prefixes 
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in use aie concerned^ have the same iiamej because they 
are varieties ojllve same thinj^^, l/ow, then, ave they to 
be ilistinfruLi^hed ? Jn the class ol' subs[av]ees alluded to 
above, such aJ4 phosphoric, stannic, and tartaric acids^ 
Bcrj^elina prefixes the Greek pieposilion napas^to the com-’ 
pound lei^s easily obtained;* thus parapAi>Kphoiicj ^aia- 
staimic, paratartaiic aeids. But these prefixes do not 
seem to apply to the casci? under cojiMideralioin j\s some 
distiuctioii muKi be inade,^I shall here adopt one that is 
not foiiiuled upon any con si delation of the nuubber of 
atoms wiuch constitute an iiit^;*Qnt pandcle— for on diis 
s.uhject all our information is unceilcyh ; hut on the lact 
that the three vanities of carburet of liydrof^en differ in 
the condensation of tlieir constituent vclumes. The first 
(sot)volumes'I- S00 ~ 10(1) sliall bo simply cal^^'d carburet 
of hydro;;eii; the second, being composed of i-}^ lintes the 
volume of the former (^JOO -j- ;100=^00), will he sescu- 
plocarbiirct of hydrogen; and the tliird, containing intrin¬ 
sically double the volume of the ^irst (400 + 400= 100), 
will be duploearburet.* 

It renjaiils to decide on the uamea of the other two 
compounds* The o]d*yHanh gatf cdUbisls, as will be ex¬ 
plained hereafter, or^wo atoms of hydrogen combined 
with one atom of carbon: it may therefoie be called 
bihydrurct of carbon* On the otly;r band, the compound 
discovered by Dr. Faratliiy consists of two atoms of carbon 

, "'I * 

*Thc? wtiffin srscuftfum Aiie tfUfihrm, flftvvcry orif' knows* arc Hprivfil from 
ii i-ompniiriUrrl wjnii.vm/Tfi anU dat>: hfiif’p, In tht pro^tnt^ 
tboy JnriTi aiU'OiMte Sthcuiiloc^ibiifi^t iin'iins ** one anii 

a. hfltrHro]<^ cnihiirot,” u inoh juat Uf^EilLt^h to the fOndeu^aOon ot U voliiineof 
tile simple fdrburet if to oite voLuiuc o( life Uujiioi'^ilin- 

ret, two^fo]<| {‘Hirbuirct* tficnA(iu|(>IU f oiHii iiia- 

at]r>n ofthocaThiirct into thsa !Se>cuplf> answers llMn^c&tiOipEuj 
chemibt^ ulicady u-'P but for h liiHt-rent |jiir^M>Ke. 

Thcfprellx biji or tfts is u>elii1 for tiie ropelitiou of 

of matter that lainUiejjted by the tfiirt i>t the oAine to whieh Ibr prcliit is 
but I think the cItUt the prefix so iittnohod lihoiUU not ex- 
Ulaf tu the innttiT refireftentcil by the oUier jiart nf thc^ naine For iti- 
StancGi thtf bamc* din-nffhatt’ itf tivmimr, at ^nven tn the ermi- 

p(ninc1 of ] atom of tul^ihunc nci<l tintl ^ hroms ui uluniiiia* mijtbt seehi to 
convey that nUnoK of'sen) nre {'[iiitbiried witli the h.L^e. By 
juvcrtnitt tbcorj,ier of the j^oncrir B|iecitic of Ihe name, the 

Greek or l^itiu numeTiUKl ai^verb may be viUlicnltfcriT of mlmcon- 

ceiplion, In this way 1 have used the iiamen hiiiydrirr^t ol' 4;firbaRfiul bl. 
carburet of hydrogen,—toruia generally Ackiiowiail^ed, « ' 
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combintid tvUIi one of liyilrogen : lie called it bicailmret 
of hytlrof^iij— a naftie sufficiently exptcsifivc, and analo¬ 
gous with the former. 

Wc have, therefore^ certain evidence the three foU 
lowing <ltstinet hyilmcarburets: 1st, bihyilruret of car¬ 
bon V carhiih^t ot hydiogeii, of wliich there ate iliree 
varieties ; .'ki, bicarburet of hydroj^tin. With regard to 
the second' compound anil its varieties tlicre can he no 
confusion, for two of tliem are dislinguislied by prefixes 
peculiar to them; and when live name carburet of hy¬ 
drogen is usal without » fjrefix^it means that one which 
is unity wdtli regard to the others in point of condens¬ 
ation. In the carburet of hydrogcif tlicrc is no predo- 
rmuaiiee of either ingredient ; they exist atom to atom, 
as will be Explained hereafter ; and this condition seems 
best expressed by a name without a prefix. 


TahU iif the (tMff Compounds of Carbon and Hydrogen, 




Ccmsisr of 







_ 





f tY7\^ 11N 

100 cuUc itichiiK Ilf 

1 — -- 

In K' 


hil.1 

VVci(i'ht 
.if Kki Cu- 

'‘IKVlIlf 

lil 

wi 5hf 


♦ 



^=Pl’ I'l^ 

Ih." or 

1 nml Jrnl 




VJl|tUiUri 


m 

rjpuui. 

ujth ]IX3 


rirhtjjn- 

n>Hlr- 



1. Biliyilrurut J 
o/ Carbon t 
(tnaTih gas) J 






0'549£ 

29 9146 


4 230J 

100 

£p0 

I6'9£14 

1 j 






S. Cntburet of y 

1 (ole- f 



200 

£k')0 

"■-P- * 

390034 

09fi0!l 

59.8093 

flant paji} > j 









c. 




CAii^nrcl sd 
r 

38 046 

6-359 

300 

' 300 

44 4051 

1-441S 

59-30113 

Dwplocar- ) 
bitret 3 - y 


8*79 

400 


59 £068 

1^16 

sa-BSsa 

31 nicarburet i 








of hydmgt^ii > 
(vapour) - J 

76093 

6359 

(500 


SS-4511 

BS759 

119 6537 


It might appear to the student, that, as the three 
varieties of carburet of hydrogen differ only in density, 
it would be possible to bring them all to the same coh'- 
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stitutioii by mechanical rarefaction or compression. But 
this is not for they wouliL rUurn to their former 
voIuinO on tlie removal of the restraint. 

The coiiipotuids of carbon and hydrogen corrcspoiul 
with the law ot' multiple eojubination already explained ’ 
in the chapter on afllnity : *lhe last coluAiii of ibeiahle 
shows the series of notnhers represetitirig the quaiuity of 
carl>on which a certain qnaJitity of hydrogei/^eombiues 
with. Tins scries, when re[lueesl to its lowest terms, is 
Ijtlf There are otiM* hydro ear bn rets known, of 
whicli the ehirf arc iiaphtlia naplulialitie, both ob¬ 
tained from coal tsir by dUtillalion: the former is a 
transparent, eolmirjess, volatile llquhl ; the latter is a 
traTiaparciit, colourless, Volatile solid, which aB&umea the 
form of crystalline plates,* * 

—When cliaicoal and ammonia are heated 
in contact, a compound is produced of very singular 
propel tics. Anmionia is composed of hydrogen and 
azote; the compounds of eharco;;! with hydrogen post^ess 
no such jn'opcities as those noticed Ijy Sehceie; conse¬ 
quently, they must be attributed to tile formation of a 
eombiiiaiion of charcoal with a/ote^. When a com bln- 
atioM is effected betw^^ azote and eai hon, no matter by 
what means, a gas is produced which resembles common 
air, so far as elaslidty and transparency arc concerned, 
although by mechanical preesute it is^ condensed into 
a liquid, 100 ,cnbic inches of this gas jveigh 55^3996 
grains, hence its speciftc gravity is 1'793‘ Water 
absorbs about 4^ times its built of 'll. It kindles 
at tlie dainc of a candid, and burns with a beautiful 
bluish purple light. When 100 cubic inches p^e ex¬ 
ploded by an electric spark, along with 200 cubic 
iAches of oxygen, the result is 200 inches of carbonic 
acid, and 100 of azote* Hencse this gas consists of 100 
cubic inches, that is, its own bulk of azote, holding twice 
12'6S2 grains of carbon dissolved, or 100 cubic inchea 
of azote combined with 200 of carbon vapour r but it 
contains no hydrogen, as appears from the fact of its 
not producing a particle of water when burnt with oxy^ 
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geo- The method of preparing this gas will he presently 

given, _ . ' ^ t 

The brilliant piginent, called Prussian blue, owes its 
^colour, as ivill be showTi hereafterj to th^ presence of tl^o 
' gas under cninsidcratioo* On account ot its property of 
genwatin;^ thifi blue colour^'iliis gas has been called 
artognt. 

Jfg(fyoc^;'nnf' arifi .—(lyaiingeii gas lias tbe property of 
combining vvitb both bydrogon and oxygen, and forming 
acids. If we cemibine ctjnal Voluint?; of cjEinogcn and 
hydrogciij two vjluiiios.will result of a compound which 
reddens vegetable blues, and possesses the other proper¬ 
ties of all achl. *This acid is still/n the state of gas; 
hut it is readily absorbable by water or alcohol, Hcirig 
composedhydrogen ami dyanogenj it has obtained a 
name indicative of its origin, and is called fn/dvovganw 
Oi'Uh it has been ibr some time u^ed as a medicine: it 
is ca]jabJe of acting as an immediate and virulent poison^ 
whctlicr it be hrcatlnvi in the gaseous form, or swal¬ 
lowed, or rubbed to the body in its liquid form, that is, 
condetused by colrl or in water* It was formerly called 
Pru siiic acid, from lacing an ingredient in Prussian blue* 
It may be prepared by bo^ng a mixture of 
ounces of I'rURsian blue in powder, with 5 ounces of 
red precipitate (i.e. peroxide of mercury), and 40 
ounces of water*for halj an hou^ then straining through 
paper, and boiling away some of the^yrater in a glass 
^vessel. On cooling, the liquor will deposit^ crystals 
^ which are a compound of cyanogen gas and mercury^ 
called cyanuret * of mercury. From this salt we may 
prtpat^; either cyanogen gas or hydrocyanic add. If, 
after being perfectly dried, it be distilled in a retort by 
heat, cyanogen gas will come over, which is to be col¬ 
lected in a pneumatic trough filled with tnercury, as it 
is absorbed by less than one quarter its volume of water* 
Or if the salt be distilled in a retort with seven eighths 
of its weight of muriatic acid, specific gravity I'l6, we 
obtain hydrocyanic acid in vapour, which may be can. 

* Cyantiicti are Other k failed cyanidn, or oy q nodidoa. 
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t^enst'd by rnnlin^ the recciv^er Tiitli snow. This lifiiiid 
cotitniiis a lUt^ nriiiiialie acid and ffater, bolh of which 
can be removed by a second (jistdlation fiorn well-dried 
chaik. ^ .n 

Liquid bydrocyaTiic acid lias a most aj^rccable sincll, 
which is easily rccoi.'fiiisej I fli certain fiovfers — thc^all- 
for - and in the blossoms of vaimns rrets^ 

as the peadi tree and hawthorn r thi^ acid iLideedj 

to be their odoiiferoiis priuriple. It is fniiiid in varions 
kernels^ as those of the a^nieor, ehcriy^ aiid almond ; in 
the last^ iu such qviantity \iave ficcasioned dtaih. 

It exihls in the leaves of the common lanrrl so laii.;ely^ 
that a water distilWd from them is almost an instant¬ 
aneous pcisom "J'liis fact was discovered in 17-Sj at 
Dublin, where several peisoiis who luul usM it as a 
cordiy^lj mixed with spirituous liquors, wwe poisoned; 
and investif!;ations weio uiide^takcjt by Drs, Madden, 
Mortimer, and Iliitty, to prove its virulence, 'I'aken 
in very small doses, hydiroc}\vnic*cid retaids the velocity 
of the circulation* 

J^icjuid hydrocyanic acid, wdiich contains no water, is 
exceedingly volatile boils at 80 ■, it freezes at 5 °; if 
allowed to evaporate fq^ntaueously, it produces sucli cold 
as to frecise itself. By keeping, it in a very short time 
suffers spontaneous decompositioi^ ami spoils, especially 
if it contain muriatic a^id : thetfnore concentrated it is, 
the more speedily it suffers. When pure, its specific 
gravity at 1)4*“ is O If much diii^j^d wilh watgp. 

and secluded from the action of light, it may be pre¬ 
served unaltered for a gre^t length of time* Its vapour^ 
is inflammable, ‘ » 

Cyanic doid, —When cyanogen is combined with 
oxygen instead of hydrogen, cyanic add ig oblajne<h 
It is composed of 100 parts of cyanogen combined with. 
.3fh7f>9of oxygen ; hence, 100 parts of cyanic acid con- 
^ eist of carbon 35'.% oxygen 23*53, and azote I'Ll7-* 
By the process which affords it, it is obtained in a state 


* Centfcimal ratiria greatly calculatinu: htnt'f I retjdjn them, 

tiicy ait; uut of ubv* 
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t>f ililutioii witli ^S'^atcr; ami if in this siHata fov a 
few hours, il Is as wt^ll soTue uT :he 

water: the hv^liofron ^jf the latter aiul tlie a/rjie cT the 
fc,funner LM.)i}it>ine ami profluee auunouia tlie eaiboii 

coiuhiiies uiili tlie oxygen of both the acirl aJicI watcr^ 
iWitVhig cailaMie aeid, ivIiTeli enters into emu inn a lien 
with die i.nuTiouia* If tlie coiupoiincl cf tlr:s aeiif 
potash huiletl witii walt r, a dueonupo^iiion tiikes 
]iljue, unci a eonitJOUiui of earbuTiie aehl and jioia'^h re- 
siilfs, ammonia btin/ extiieatMl. 'The taste of eyanie 
aeid is sour; it tethleus ve^t^tahle hliit^s ; its sineli some¬ 
what jeseETihh'S that ot'aeelie aenL 

Fft/iiiinir nr iff _There is amith-ir eoiniioiiud 

ailogeu, of an aeld uatitie, win elf enUr^ very extensively 
into eond)hiaij(in witli Ijases; and most of the etnnpounils 
wineh result liave the reaiarLafile [nupei ty of pioduehifr 
a bind explosion, arcoinpaiiied liy llie eiiiiHsion of heat 
and light* wlien ihey aie lieaied, lubbed^ or strnek. 'I'hc 
loin!ness of the noise hi.s obtained for the tirid the nanie 


oi' aeid. Aecni<li]ig to (.biy-Lnssae and Idebeg, 
llie ruliniuie and. evanie rn ids eonsist of ihe same ele- 

•p 

loetits^ and in the .same raiio, ythhough the ])ioj;erties 
of tlic ti\o a.eids jne totally difj['dent- Wctc tins well 
fuuij^leil, it would afibid another instaiue of the tiuth 
of the statement* tliat identity of elemeiitH and relative 
quantity does m>l eonstl^ute identity of cmistifution. But 
according to peafessior Thivy, of tlio Iloyal Dublin Soeietyj 
V'ho l>as beeu the most exteiisu^e empiircf into^liiii aub- 
jeetj fulininie acid differs from eyiinie, not only in the 
ratio of its elements, i>ut in containing an additional 
elonie^d—hydrogen* 

'Jdie substance iVotn which this siingular acid is pre¬ 
pared is the powder called Howard'a fulminating mer¬ 
cury, To obtain tile latter, di^isrolve 100 grains of 


mercury in a measured ounce and a half of nitric |^i4 
(specific gravity 1^3) by heat Pour the solution, when 
cold, on 2 ounces* measure of alcohol (specific gravity 


0 * 84 - 9 ) * glass vessel, and apply a moderate heat till 

an effervescence be excited. A powder gradually pr^ 



CHAP, T, 


CAnBQNr, 


17T 

cipitales, wliidi’ is to be iininetllately collected on a fillcTj 
well washeil v^ith tliistilled wnter, ^lul dried at a heat 
not exeeerlmj^ that of boilin;^ water, Tliese arc Mr, 
How^ard's divt-^lioiis : the procluct he obtained. Varied^ 
from 120 to 13^ U is not necessary to observe 

the abiive specific L^ruvitie^t very exact/y: I sue^edtHl 
with add of r4, anti alcohol of 0 810; and my product 
■weir^hed 1 I'i grains, Jt is by no means ^ perishable 
compound: I have a spedmeii prepared about twelve 
years sivice, whidr h now aa violent as ever* When a 
grain wdgiit of fulininatiiif* mercury-is atmek on an 
anvil with a small liamnner^ a sharp, s|mining detonation 
is produced, accompaided by a Hash ; a little whitish 
smoke is exteiisivdy iliframed, whidi occasions sneezing. 

A drop of sul[]hnric acid let fall on the pui?der causes 
it to burn off in a blaze, without explosion. It is a 
eiirioiis fact, that tins blaze does mft hum gunpowder- 
KuJminatiiig mercury is coiiipose<l of fulminic acid 
united to red oxide of inercui^. The add may, be 
transferred to O’her bases by ilouble decoin[losition. Its 
compounds all possess the property of fulminating when 
ruhberl or smartly st^ubk. KiiIuiiiKiting silver may be 
prejiared by the same^^mce^K as fulminating iiicrenry; 
it is a highly dangerous substance, and has been the cause 
of loss of Jife, ami of many acfidcntg. Fulminating 
gold was formerly in usf: as a nnedidtie, 

Cyavitrh antL — Ilesides these combitiations of cya¬ 
nogen, there is anotlies, which contains dcjviblo tl*£: 
quantity of oxygen that ^xists in cyanic add. It also 
contains hydrogen- Jtis ^Jed cyanuric acid, — a naijiQ-* 
peculiarly unfortunate, as its salts must be calletl 
rales, which, ini uttcranct*, is not easily distinguishable 
from rfffinuretJi, <Jyanurtc acid is a crystallisable sub¬ 
stance. KK) parts of it consist of cyanogen 60'465, 
oxygen 37’2fl9j hydrogen 2*326* 

’ i ^Ferroryanw ticid. — Cyanogen enters into combin¬ 
ation with both hydrogen and metallic iron, and forms an 
acid, hence named ferrec^anic or hydmferrocyantG acid* 
In this compound, 72‘2^ grains of cyanogen, 25’g3 of 
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iron, atitl 1'85 of liytlrogen^ are combined to form 100- 
Jt is of a pale colour ; is leas [*erisjiablc tlian hy¬ 

drocyanic acid; but exposure to bgbt or heat decnmposeff 
jt into hydrocyanic add and a white precipitate^ wliieh, 
when it absorbs oxygen from tlie air, becomes Prussian 
blucJ ft ref]dens vegetable* blucs^ and expels the car¬ 
bonic and acetic acids from carbonates and acetates. Re- 

j 

agents or l^aty do not discover the presence of iron in 
this acid, because it is nut oxidatei?; but when some of 
its coinbinatitms are heated stidrigly, its iron isoxidated^, 
and oxide of iron is evdvpd, Prussian blue consists of 
tliis add, combined ivith peroxide of iron ; at least, this 
is the nature of its colouring mattc^r ■ ami it is diluted, 
and rendered a colour of body bjTmeans of an admixture 
of alumina. 

There are three opinious coficerning the manner in 
which the elemental of this acid are combined. Some 
condder the cyanogen^ iron, and hydrogen, as combined 
together^ without being coujiled in any manner with 
reference to each other: some conceive that an acidifi- 
able base, consistiiig of cyanogen and iron, is acidified 
by liytlrogen ; an opinion wliich floes not differ iimeh 
from the former: others suppose that the cyanogen and 
iron, combined as a cyanuret, are dissolved in hydrocy¬ 
anic acid. An experiment was made by Mr. Forrett, 
from which infereiiccs^vinay be drawn that seem cal¬ 
culated to establish the first or second opinion. By 
placing ferrocy^ate of soda in the galvanic circuit, the 
soda passed to the negalive pole, and the elements of 
^ferrocyanic acid passed to the positive* These elements 
ire hydrogen, and cyanogen. Had the iron been 
in the state of oxide, as it was /ornaerly supposed to be, 
it would have been found at the negative side, as hap¬ 
pens with metallic oxides. But it may be objected, that 
being in the metallic state, it should have been fp^d 
there equally; and this would certainly have been the 
case, were it not that it was held united to the other 
elements by an affinity so powerful that the galvanic 
order of arrangement was su)>verted. The same subver-^ 



CHAP. I* 


CAUBOK. 


179 


aion of the order is observable in the case of 

metallic oxides^ earths^ atui alkaUft. All contain 

oxygen, which, when separate, collects at the positive 
pole ; but combined witli a metal, goes along witW 
the latter to the negative pole, because of the powerfuf 
afhnity which antagonise? its natural tendencyThe 
question now occurs, what were the other eltments of 
tile hydrocyanic acid which helfl the iron trj so forcible 
an affinity ? Those who maintain the opinion that this 
acid consists of cyanufet of iron, merely tlissolved in 
hydrocyanic acid, would an^^ar, that the iron and'cya¬ 
nogen tliQs powerfully attract'd each other; anfl that the 
fact so far eorn^|ionds with thdr view, as the cyanogen 
would naturally pass the positive poWi It must, 
however, he rccollccU^d, that the validity of ^his answer 
is negatived by the passage of hyilrogen to tlie positive 
pole, contrarily to its natural totulSncy ; and the posi¬ 
tion is not tenable that it was carried over by the affinity 
of cyanogen — iW so weak is that affinity known to be, 
that cyanogen and hydrogen will not subsist iti com¬ 
bination sometimetj for more than a few hours. I’hc 


conclusion seems table, that derrocyanic acid does 
not consist of cyan\^et of iron dis^alved in hydro¬ 
cyanic acid; hut that it consiats of iron, carbon, azote, 
and hydrogen (not adverting to jvhether the three first 
constitute a base acidij^ed by Ibe laa^, all held by an 
affinity capable of resisting the decomposing energy of 
galvanism. Hence tli^ greater permanence of this nfid 
than that of hydrocyanic acid; yet hy the agency of 
water and light it is at l^ngtli decomposed. It is t rue., 
that in Mr, Porrett's experiment some hydrocjairilf^d 
was volatilised, and some Prussian blue was formed; 
but this was because the iron, on arriving at the pla¬ 
tinum wire of the positive pole, was oxidated by the 
water in the same manner as the wire would have Ijcot 
were it ifon, or as the platinum itself would have been 
had it been in nitric acid, and the galvanic battery 
very powerful. But for the interposition of the gotvanie 
agency on the iron, there ^ould probably have been no 
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deconipositioiu 'I'ht; oxide of iron joiiicd the reiuain- 
ii;g ferrocyjtnic aeirh'" 

The (juaiitities of carlwii and azote in ferrocyanic 
•i^cid arc in tlic ratio necessary to the fo^niation of cy¬ 
anogen; the hydrogen is only in such quantity to 
convtit two^thWs of the dyanogen into hyilrocyank 
acid; thp remaining tliird of cyanogen is sufficient to 
convert thCPsron into cyanuret. Ilie object of these oh- 
Kervations will appear, when wc come to consider the 
combination of hydrogen acids with bases, 

'J'hat a metal sliould ^constitute an element in a base 
which, with hydrogen^ forms an add, will he tlie 
less surprisingj when it is coitsidcred, that tlie metal 
tellurium,, by itself, is actually, an acidifiable base with 
regard to hydrogen. 


Section V, 

f 

cnhQKrtnji* 


Chlorine, as already stated, is a gas of a greenish 
colour* It may be prepared 'oy mixing common 
sea salt with three quarters itsf' weight of black oxide 
of manganese, introducing tliem into a retort, and 
pouring on sulphuric acid equal to the weight of tlie salt, 
and diluted with its own weight of water. The acid 
mixture should be added at two or three dlifetjnt times, 
tffe gas produced by the first quantity being collectetl 
before the second acid is poured oti'; this precaution is 
^*it^-^^dtagainst too violent aii" effervescence; and on the 
same account no heat should be applied until the effer¬ 
vescence becomes very moderate. After the common 
air has been expelled, the gas may be collected in bottles 
filled witli water, and inverted in as little water as wiU 
answer the purpose, in order to prevent waste by ab- 
sorpiion. Tlic bottles, or pneumatic trough, must not 
bo filled witli morcury, as this metal is powerfully acted 
upon by chlorine. 
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Chlorine, if breathed undiluted, is fatal to aninnal 
lifCj hut doe!F| not extinguish cornouation, A candle 
burnfl in it with a red flame. It poaseBRCs the remarkable 
property of scSinj^ bre to many of the metalsj even at'^ 
the common temperature of the air, wjien introduced 
into itj heaten out into thin leaves or reduced to flfmgs; 
such are copper, tin, arsenic, Kinc, and aBtimony. 
Phosphorus, when iTitrodncecI into it, buriis^with a pa!c 
white light. Mercury absorbs it rapidly. Water ab¬ 
sorbs twice its bulk of it: the solution is called chlorine 
water; and if this he expoStth to light, some water ia 
(lecoinposetl, its oxygen is Liberated, the hydrogen 
combines with the fililoyiie, forming muriatic acid. As 
the combinations of medals witli oxygen are called 
oxides, so the comhiiiations of metals with chlorine are 
called 

Chlorhic has the property of dcstfoyiiig all vegetable 
c-olours. If a vegetable blue^ for instaiiec^ be expose<l 
to its action, the colour is not altered to reri, as it wcgald 
be by an acid, -nor to green, as it would he by aii al¬ 
kali, — but it h, totally destroyed ; and the medium, in 
the substan^^e of whi^i’tbc blue was contained, appeara 
colourless^ at least so fa^as the vegetable was coniC€rnc<l, 
On this account, chlorine has been introduced as a 
powcTful agent in the art of blcaclung; for if un¬ 
bleached linens be projjerly exposed to its action, the 
matter which gives them their gray colouf is destroyed, 
and the linen assumes line whiteness which is naturjil 
to its fibre. Flax is nf^iirally white, anrl owes the 
gray colour wliicli it assijmes solely to the processjj^ 
through whiclii it is put to separate its fibres — dS^m- 
mersion in bog streams, and other such ii^ijurious treat¬ 
ment- The chlorine, however, if applied in its pure 
state, and not sufficiently diluted, or otlierwise cor¬ 
rected, invariably destroys the strengUi and texture of 
the linen ; and, therefore, it is a dangerous agent in the 
hands of the inexperienced. 

The specific gravity of chlorine gas, when quite free 
from watery vapour, is, oicording to Thomeon, 2'5; 

N 3 
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100 cutic inclies of itj thereforweigh ii’'7*0387 grains 
When perfectly dry^ it remains a gas at tiv? temperature 
of — 40^ ; by means of mechanical pressure^ it may be 
■^condensed auto a yellow liquor; in which ticate it remains 
only while the pressure continues. When saturated 
with Watery vapour^ or dissolved in water^ and expoHcd 
to a colli, of it forms into crystals, which cotisist of 
of wate combineil with 27’7 of dry chlorine. This 
compound is called h^ffrate of chlorine. 

Chlorine has an affinity for oTcygen, and they com¬ 
bine in no less than fau\'' proportions: two of them 
contain so much oxygen as to form acids; and the other 
two, as they Jo not manifest any acid properties, are to 
be considered as oxides. Oyygon and eblorinej not- 
withstandihg their affinity, do not combinc when pre¬ 
senter! to each other; but they may be detached in 
combination from ' certain compounds which contain 
them. 

of rfiiorinh. — When 100 parts of chiorine 
coinhine with of oxygen, a gas is produced, 

which, as it is the comhinatroii containing the least 
oxygen, is called, protoxide of chlorine. It has a smell 
TCsembling burnt sugar. It w^s discovered by sir H. 
Davy; and was named by him (ntehhrinej in consequence 
of its very greep colour. Under strong pr^jssurc, this 
gas is condensed into liquid.. When warmeil in a 

glass thbe, cvef^ with the heat of the hand, it explodes, 
avd expands into a greater bs;lV, the increase %eing Jth 
of tile whole; a flash of ligl^t is at the same time pro- 
^ duce d ; and the tube is now found to contain a mixture 
oT^V^ygen and chlorine, no longer in combination. 
Combustibles first decompose euchlorine, and then burn. 
It reddens vegetable blues, and then destroys the colour 
totally. 

Peravide of chiorine. —When 100 parts of chlorine 
are combined with four times the quantity of oxygeti 
which enters into the protoxide, that ia, with 88*876 of 
oxygen, the compound ■ formed is the peroxide- It, as 
w<^ as the protoxide, may be collected over mercury,— 
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that metal beiri^ not afFeeteJ by either gas; but both of 
are abaijrpetl by water. Th^ colour of this gas is 
an intense and lively yellow* It dischargeii vegetable 
colours, like Alorine, When heated, it explodes with 
considerable crniission of light; and 2 volumes expamf 
into : tljesc 3 volumes aTe a mixture of 2 volufries of 
oxygen and 1 of chlorine ; the gases being yo longer 
in combination. Phosphorus, immersed itwt, causes an 
explosion by docomposirig it ; oxygen and chlorine re¬ 
sult, and the phosphorus hums in the mixture. Per¬ 
oxide of cliloviiic may bo fo*ini?cl by thoroughly mixing 
a sEtiall quantity of the salt sold by druggists under the 
name of cMnraifi ac fhrymuriafe of pt^jah^ with as much 
sulphuric acid as wilf i^nn a paste, and exposing the 
mixture to a very gentle heat, in a very srtiall retort: 
small quantities should bo employed, explosion 
should take place, The same salt, when heated ’with 
dilute muriatic acid, affords protoxide* 

Chtoric acid .—When 100 fwrts of chlorine combine 
with five timer as mudi oxygen as exists in the prot¬ 
oxide, that is, with parts of oxygen, an acid 

is produce<l, which 4s*<^idlcd diforic ucid^ It was for¬ 
merly named hypemi^ognurkiiw add- Water is neces¬ 
sary to its conatitution; and, hence, it is always ob- 
tai[ved in the state of a solution ^n wjter, which has an 
add and astritigent t^ste, but no smell: it reddens 
vegetable blues, —the characteristic powar of chlorine on 
vegetable colours being jubdued; th(v colour, howejer, 
is at length destroyed. ^ 

Pf.rchtoric acid. — Tj^e last compound of chlorine 
and oxygen is formed when the quantity of tlTO 
seven times greater than exists in tJie protoxide; or, 
when 100 parts of chlorine combine with 155^533 of 
oxygen. In this case a distinct acid is formed, called 
pcrehlofic «cid, the properties of which have not been 
ascertained* 

Thus chlorine, by uniting to di fib rent portions of 
oxygen, forms four different compounds. The elements 
in all of them are retained by a very feeble affinity; 

N 4 ? 
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hcticc the facility >¥ith which oxygen is transferred from 
themj and the hrillicint phenomena wluc)i often occur 
ilurifig the transfer* If we reduce the nunjbers repre¬ 
senting the diiJereJit quantities of oxygei^^ viz, 

^88'S7C, lll*Oy,^j ]55to their lowest terms; then 
the OKygen oi' the protoxide will be 3, of the peroxule 4^ 
that of chloric acid 5, and that of percldoric add 7; 
all these iiutiihers being in conformity witli tile doctrine 
of multiple ratios. It is probable that other compounds 
will yet be discovered. * 

Murmtifi or — Itesides uniting 

with oxygenj chlorine combines witli hydrogenami 
forms muriatic add. If chlorine and hydrogen be 
mixed together in equal volumes^ and exposed to com¬ 
mon daylight in a glass fiask^ Uicy wilh in a little tiine^ 
combine; and even explode in combining, if they had 
been exposed to sunlightj or to the action of an electric 
spark, or to the light of a caudle. Two volumes of 
umriatic gas resulti Besides this synthetical proof, die 
composition can be shown analytically. 

Muriatic acid gag, iu its pure state, is transparent, 
colourless, and elastic; under v-jry strong pre^surOj it 
condenses into a liquid, A volume of chlorine and a 
volume of hydrogen combine and form two volumes of 
muriatic acid gaa; lietice, as there is no cliaiigu of bulk 
by condensation, ive can thud the specific gravity of mu¬ 
riatic a<tid by adding together the specific gravity of each 
constituent^ and^ taking ]]dr^d!^c sum as th^ specific 
gravity of the compound* The specific gravity of hy¬ 
drogen 0*()f>879j that of chlorine 2^5: the sura is 
-and the half is 1*2§44, which is the specific 
gravity of muriatic acitl gas, and is identical witli the 
result of an experiment made by Thomson. Water 
absorbs this gas with avidity; one cubic inch at 
absorbs 4]7'82^ cubic inches of the gas; heat is pro¬ 
duced^ and, when cold^ the bulk of the water is increased 
to 1*3483 cubic inch* This is liquid muriatic acid: 
with these proportions of constituents, its specific gra¬ 
vity is 1'1958: lOQ grains of it consist of 40-39 of 
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real acid and of water*— ^Tkomson.^ Butat40'^j 

water is capahl'of comUiiing witfi 480 times its limlk 
of the gas* '^fhe specific gravity of the strongest liquid 
acid that can \k conveniently obtained is 1'2U3* In, j 
this state it is very volatile ; it boils at 107^j and fre-* 
quently forces the stop pel* out of the Bottle in ^"arm 
weather* At a teinj^eraturc below freezingj ^id may 
be obtained so strong as 1‘500; but as th^temperature 
rises, the liejuid gives off' acid fumes, which leave the 
remainder weaker, until,60^, it becomes It 

is a cx>lourless liqiiifl; and, av lien exposed to the air, it 
smokes, because tlie gas exhaled condenses the moisture 
of the atmospbercM It extinguishes both flamo and life, 
and is not infiamiiiahlc.^ Its smell is jningent, suffb" 
eating, and somewbat aromatic. It powerfiAly reddens 
vegetable blues, 

'I'bc metliod of preparing muri&tic acid, just now 
descrilred, is not that employed for preparing it for 
use* rominon culinary salt isHhe source from which 
it is derived* A mixture of this salt with sulphuric acid 
and vrater is to be distilled witli a heat barely sufficient: 

» yellow liquid acidf cftmes over ; pbut if the salt had 
been previously heated nearly red-hot, the acid is 
almost colourless* According to Dr, Barker, of Dublin, 
who ina/le many experiments Qn the subject, equal 
w^eights of salt and sulphuric *cid give the largest prO"- 
duct, With 5000 grains of salt, thr same 'of the 
etrongest sulphuric acit^^l^d 8000 grains of water, the 
product was 9389 grains^of muriatic acid, specific gra¬ 
vity I'lfiO,* ^ , 

Chloride of u£ot€* — There is but one 
binatLon of chlorine with azote; it is one of the most 
fonnidable and dangerous substances in nature, owing 
to the facility with which it explotlea, and the violence 
of the explosion. It is calletl chloride of azote* Pour 
upon a flat dish a warm and unsaturated solution of 
fial ammoniac in water^ Fill a phial bottle with 

*$««hia Oluervaticns on thi^ Dublin PlurmncDp^ia," 36, ^ a very 

Useful couimcntaTy. 



186 


Kf.E?.ililNT9 OF CTIIiMlSTllY. 


vAm 11,- 


chiorinej and cork it; then invCTt the Settle in tin* so- 
Intion, and uncork iiiider its surfacef An absorption 
of the gas takes place; it decomposes the ainmonia^ eom- 
^bints with its azotCj and forms a yellotvisli oily sub- 
•stance, which is chloride of a^ote* When one or two 
globuises are fljinied, the process should be stopped 
on account of the danger. Jf heated to this 

chloride is ^^csolved into iis elements with a treineii^ 
dons explosion. Contact wdth phosphorus, oils, and 
a variety of substances, caGse the same effect. It 
consists of 4 volumes of ahlorine, combined with 1 of 
azote. Its colour is. pale greenish yellow* It boils 
at l60°: no known cold is capable f>i freezing it, Ite 
consistence is little more tli^n Hhat of water* It ia 
soon ileeoift’posed when left in contact with water. Its 
specific gravity is 1^65/?, 

Pvrrtiioridc of rfrr^mi.' —By the action of chlorine on 
olefiant gas, a compound of chlorine and carbon is 
formed, caller! per chloride of carbon. When heated in 
a retort, it evaporates, and the vapour condenses into 
crystals* If sublimed rapidly at a high lieatj it forms 
a transparent, colourless mass, Itl^irnsin the flame of a 
candle ivitli a red light and much flame* It hais a 
stneU somewhat resembling camphor ; like camphor it 
scarcely dissolves in v^atei, but easily in alcohol, from 
wliich it is precipitated Jby the aflusion of water. Hot 
alcohol diBsolues more ilian cold: and a hot solution 
affords crystals /m cooling : same may be said of 

etter. It dissolves also in oils. Camphor, included in 
a b ottle, volatilises and crysta\iise3 on that side of the 
T?Thkw::Kst exposed to the ^ight; this chloride does 
the same; and tlie other points of resemblance to cam-- 
phor are striking. 

If this per chloride of carbon be passed in vapour 
through a red-hot glass tube, a part of the chlorine is 
given off, and a protochloride is produced, which may 
be condensed in a cool part of the tube. This is a 
liquid which does not seem to possess any very striking 
properties* 
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It has hecn Observed by Dr, that ifj in 

attempting to |oix chloniie with olefiant gasi the latter 
he alloworl to ^ccupy tlie upper part of the vessel, and 
the former the under partj a bright flash and slight^^ 
explosion will take place ^ carbon wil^j he depositedj 
and the chlorine will disappear* * 

Cfifororarlmiie ntld. — There is a gaseous combin¬ 
ation known in which carbon is addiflEd by both 
oxygen and chlorine* Jj^is called chlorocarbonic add* 

It is produced by exposing equal volumes of perfectly 
dry chlorine and carbonic* oftide in a glass flask to 
strong sunshine* They combing and condense to one 
volume. This is Sn add ; for it reddens litmusj and 
cotiibines with certain alkalies* It has an jxccdlingly 
pungent smell- Water decomposes it. 


Section VI* 


There exists a subs tan ce much resembling chlorine 
in some of its projArfies, and ilevived from a source 
which also supplies chlorine ; they are both of marine 
origin ; the latter existing in sea water, and the former 
chiefly in sea plants. This subutanc^ may be procured 
by drying and powtlerisg comftion sea weed, and heat¬ 
ing it with sulphuric acid : a violet coloured*vapour 
rises, which, if reccivciW^a cool vessel will condens^on 
its sides, and will fornv scaly crystals, of a somewhat 
metallic lustre. These crystals are the substance in 
question ; from the violet colour of its vapfflH^*^^ is 
called iodine* When exposed to the air at common 
temperatures, it volatilises slowly but completely ; but in 
close vessels it requires the application of heat for eva¬ 
poration. At a heat a little above that of boiling water, 
it melts; at 350^, it boils and evaporates in a violet 
coloured vapour, almost exactly the colour of the vapour 
discharged from indigo thrown on hot iron ; it crystals 
Uses as it cools. The specific gravity of iodine is, ae- 
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cording to Dr, ThoTjfisonj ,']-0H4, It 1^/^ a Icailen gray 
metallic lusti'e^ but it is a uon-eonducto^f;of electricity. 
It has resisted all efforts to decompose j^, and may be 
‘^passefl in vapour through a red-hot earfhen tube witli- 
out change, tjL has the property of forming a beautiful 
blue colour^ wlieii mixed witli a littlt! powdered starch 
diffused'^ through cold water r anrl hence iodine and 
starch arc used by chemists as mutual tests of each 
other's prcReiicc oven in tlui^inost minute quantity* 
Iodine st^iins the fingers yellow, and consumes the cork 
of the phial in wdiicli il is contained* It dissolycs in 
7000 times its w*?ight of water, and the solution is 
brownish yellow ; but it is by faf more soluble iu alcohol 
or eth^.r ; and the tincture, if concentrated^ is of a deep 
reddisli brown* It lias a smell of chlorine : like dilorinCj 
it ilestruys vegetahle colours ; andj like that substance, it 
combines wdth oxygen or hydrogen—in either case f'onn- 
ing an acid, ^V'^ith chlorine it also forms au acid, which 
is called chloriodic acid. 

The process given above for obtaining iodincj is not 
the one by which it is procured for sale; and it can 
be now purchased at'so low a price,Hlul no chemist ever 
thinks of preparing it for his .iwn use- Dr, Ure has 
given the process in fidl detail: it is one invented by 
himself; the following' is an outline; — 

Iodine is largely contained m kelp* j and it may be 
ccononncally j^repared from the brown ofly,,looking 
liquor whicli is the waste ofsoap manufacture, and 
in which all tJvc iodine originally contained in the kelp 
that manufacture is to*be found- 

fivery 8 ounces, aiiothecaries' measure, are to be 
mixed hot witti 1 ounce measure of sulphuric add 
diluted widi its bulk of water. When cold, filter the 
liquor; add 66f) grains of black oxide of mangane^ ; 
and introduce the whole into a large glass globe, over 
the wide neck of which another is to be inverted and 
kept cool, while the bottom of the lower one is heated 


* The flcmlfiiied uhefl ofEca w?ecL 
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by burning chateoal to about 23^'^, Iodine now sub* 
limes copiously^ yiid la readily coml^nsed in the upper 
vessel. Fromj the above quantities^ about 1 drachm 
troy will be obfuneth 

iodine combines with sulphur^ although without much* 
force of affinity ; with phosphorus it oninbincs jener- 
getically; it unites with carboUj and with various me¬ 
tals ; hut in notie of thest^ combinations is thei't^'^much 
interest. It is ca poison; but in minute doSes it is useil 
in niedicinej aud^ if long '^ntinuedj produces remarkable 
emaciation* 

of iodii^y and Todou^ *arAd. — There arc three 
combinations of iodine and oxygen kitown^ —oxide of 
iodine^ ioilous acid/amltioilie acid; the two first were 
discovcreil by professor StmuUini, and the* f(>ll?ftviiig 
is the process for obtaining it, as described by himself:— 
A copper tube, two spans in length and eight lines in 
diametcrj is furnished at one end with a screw, its other 
end teriniiiating with an aperture one line in diameter. 
This extremity must be bent in such a way as to be in¬ 
troduced into the tubulature of a retort, leaving tlic latter 
a proper inclination. A bladder of oxygen must be 
screwed into the otSer end of th<^ tube. Along and 
underneatli the tube, a Iwig spirit lamp should be jdacccl, 
furnished with several wicks, which, when kindled, are 
capable of heating it to redness. *At lihe same time a 
lamp must be placed under the retort. When the re¬ 
tort and tube are both nearly red-hot, one assistant 
strongly compresses tht^^aadtler, whil? another intitJ- 
duces a spoonful of iodine into the beak of the retort; 
and this, falling umler tht^*copper tuho from which 
hot oxygen issues with force, is reduced to a vi5et 
vapour, which gradually disappears, lining the beak of 
the retort with « yellow, transparent matter, almost 
solid.. This is the o:vide of iodine; it has the con¬ 
sistence of a solid oil; its taste is rough and disgusting; 
it evaporates totally in the air; it is very soluble in 
alcohol and water, and communicates an amber yellow, 
which alkalies render colourless: brought in contact 
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Tvith phosphorus, the latter inflamed' lie ftirtlier 
found, that “ hy cctfitinuing the jet ofAi^cygen after the 
beak of the retort hceomeii lined with tJfe yellow, soft- 
solid oxide, iodous acid will begin to ffrni, which will 
'^nin down along the beak, and will announce itself suf- 
hcieijtly by tiv! redness wliiph it occasions in tincture of 
turnsole. The production of iodous acid will be faci- 
litateh/if, while the jet of oxygen is continued, the 
lamp, instead of heating the belly of the retort, is em¬ 
ployed tcihcat the oxide in tlv> beak, which, immediate¬ 
ly combining with a new portion of oxygen, is converted 
into iodtius acid.” * SemeiiLini has al^o shown, that by 
mixing iodine wrth chlorate of potash^ both in powder, 
and in such proportions as will produce a yellowish 
coloilif (tVree parts of clilork'te of jjotash and one of 
iodine succeed best), and applying a gentle heat, an 
amber-colon red liquor distils over, e vapor able at so low 
a heat as 112^; of a strongly acrid and disagreeable 
otlour; capable of reddening without tiestroying vege¬ 
table blues, and of inflaming phosphorus. This also 
is iodous acid. In order to produce it, a gei>tlo heat 
must be applied. A strong heat will altogether change 
the nature of the firoducts.-^ Tlie acid will more cer¬ 
tainly be obtained pure, if three parts of chlorate of 
potash to one of iodine be employeth 

Iodic —By exposing iodine to the action of prot¬ 
oxide, of chlorine, the latter is decomposed ; its two 
elements comSine with iocli^^e; and two compands are 
farmed, named'^chloride of xddine and iodic acid* As 
tliese substances differ in volatility, the application of 
^^^^ives off the former, iodic acid remains. It 
is a solid, semi-transparent, wliite substance, not only 
soluble in water, but deliquescent. It first reddens and 
then destroys vegetable blues, Whdk heated strongly 
by itedf, it is resolved into its elements; hut if heated 
with combustible bodies, an explosion takes place. 
Chloride of iodine may be prepared also by exposing 
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iodine to cMorile: tht! latter h absorbed^ and a chloride 
is produced wh\h manifests the properties of an acid; 
but it is unci^tain whether iti its own nature it is an 
acidj or whctlrjr it becomes one only wheiij by decom¬ 
posing waterj its etements are acidified. Those w^hcT 
consider it an add in its awti nature, hSve givei>ii the 
name of rhlortodw acid. At ordinary tempciat^Xf®, itis 
a deliquescent solid ; if lirated, it melts iy^o an orange 
liquid ; and if still further heated^ becomes an orange 
yellow vapour. • 

acid. — The j^Tybination of iodine with 
hydrogen possesses properties wluch eminently cha¬ 
racterise it as an ^id: its taste is aciH, it reddens vege¬ 
table blues, anti it combine a with bases. Tbe^Hjjue of 
tills compound indicates the tw'O elements ^hich form 
it; it is called hydrindic acid, Tt may he procured by 
the direct union of its component rtugreihenta: if the 
vapour of iodine be passed through a re(l-hot tube along 
with hydrogeiij both substances rfiombine, and a colour¬ 
less gas results, which is the acid in question, 'this 
gas, wlien allowed to escape into the air, condenses the 
moisture of the air, thus produces abundant white 
fumes. It IS decomposed by almost all metals; the iodine 
combining with the melStl, and hydrogen being left un¬ 
combined* The same decomposition is effected by 
heating a mixture of it and oxygen or chlorine; water 
being produced in the tormer case, and luuriatic'^acid in 
the latter, by the abstractly of the hynJrogcn, while the 
iodine is liberated. H^driodic acid gas may be ob¬ 
tained by the action of iodine ou sulphuretted hydrogen : 
the iodine takes the place*of the sulphur ; and*^&^hit 
fact is founded a good process for obtaining liquid hy- 
driodic acid, which is as follows:—Triturate iodine and a 
a small quantity of water; when the mixture is tole¬ 
rably smooth, add more water, and pass a stream of sul¬ 
phuretted hydrogen gas through it, arising from a mix.* 
ture of sulphuret of antimony and muriatic acid heated 
in a flask* The gas may be transmitted throuigh the 
iodine and water by meaua of a glass tube bent twice at 
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right angles^ as iu tht: s]<c‘tclij — a very (i\sily constructed 
apparatus, lyhich amt wars for all sucl^ purposes, ^J'he 
sulphuretted hydrogen is decoroposed ^ fllie sulphur is 



alitiosl completely separated ; the hydrogen, comhiuing 
with the iodine, dissolves it, and forms liquid bydtiorlic 
acid, which may he filteretl from tlic sulphur, and. boiled 
for a few inomeiiis, to ex)>el any redundant sulphuretted 
hydrogen. This liquor, when distilled, at first gives off 
water only, 'but at lengtli the acid itself Jisstils over, 
Ilydriodic acid gBU^ is absorbed copiously by water, and 
the result is liquid hydriodic acid. This liquid, by ck- 
posure to air, is speedily decoinfi^sed. 100 cubic inches 
of hydriodic add gas contain 50 cubic inches of hytiro- 
gen, combined with 50pf‘ the vapour of iodine* 7’his 
gas is pet on fire by pouring into the vessel which con¬ 
tains it a few drops of stron^nitric acid. ^ 

^lodidu of — With azile, iodine combines, al¬ 
though intlirectly, and forms A curious detonating com-' 
If licjuid ammonia '^bc poured on iodine, part 
of the amimonia is decomposed into hydrogen and azote: 
both of these combine with iodine j the former produ¬ 
cing hydriodic acid, which unites to the remain<ler of 
the ammonia, and the latter affording the compound in 
question; to this the name of iodide of Azote has been 
given. It is a dark brown powder, and is of ^ 
plosive a nature, that not only heating, hut touching it, 
will cause it [to detonate violently, and sometimes it 
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will detonate 'without any apparent cause*' The results 
of the explosion iodine in violet'^oloured vapour^ and 
a«ote; ,aiid dri cause of the explosion is the concussion 
on the aiTj occ'si^LJiied by the sudden conversion of these 
two substances from the solifl to the gaseous state* ^ 
Iodine combiner u tth stjyeral other substancej, but 
the ccunpotijijs need not he hfre noticed^ 


Siiicftojij VII* 

'I'liis is a sub a (an ivliich resembles chlorine and 

iodine in iriany of their Mibitudes, If a large 
of sea water he hoileil clown, and the common salt re¬ 
moved until it no more freely crysfalUaeSj we obtain a 
residual llquorj called by salt makers bittern j and an 
abundance of it can be procured at the salt works, often 
without charge, for in many localities bittern is nfade 
no use of* Through this liquid, chlorine ^as is trane- 
mitted, until it assume a brownish yellow colour. Some 
* ether being added, the whole mifet be well shaken, 
and tlien allowed to soitle: the ether, now of a fine 
red hue, floats 011 tlie top, and, being decanted, must 
■be shaken with pure potash, and disiolv^ in a little 
water* The ether now loses its colour, because it 
has transferred to tlie pi>ta|fi tlie matterVhich caused 
the colour* The same BRier may he agitated with mtre 
bittern, which has been tftrated with chlorine, and may 
thus he made the medium* of transfer between a Ijrgc^ 
quantity of bittern and a small quantity of potash. 
The solution of potash, continually agitated with , fresh 
portions of ethereal liquor, becomes flo highly charged 
at length, that by being a little evaporated it will aflbrd 
cubical crystals in abundance* If these be dis^lled in a 
retort with dilute sulphuric acid and some black oxide 
of manganese, red vapours will arise, which may be 
^ oondeu^ uito a very deep reddish brown liqUor, by 
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T€ceiving them in a glabe or flask suTrrAuntcd by ice or 
rery cold water* lititiid is aboifif three times as 

heavy as water si>aringlf; dissolrefl by 

waterj more copiously by ether. At il7^ it boils ; 
'but even at ordinary temiieratures it emits reddish 
vapours^ Bomefvhat like those emitted by nitrous acid* 
It discharges the a^ure colour of litmus, as would 
happen With cMorlne, and without reddening it Like 
chlorine, it sets tfre to certain ntctals when brought in 
contact with it It is not cembustiblc, and it extin¬ 
guishes coiiihustion; it a^ts as a strong poison, and 
corrodes the skin. It becomes a solid at a little below 
aero; but if com'oinetl with water so as to form a hy¬ 
drate. h affords fine red crystals at Brought in 

contact with phosphorus, bromine occasions an explo¬ 
sion, Its vapour is not decomposed at a ref I heat, A 
taper immersed m the vapour is extinguishefl, after 
having its fJame surrounded hy a greenish margin 
topped with red, Su^ch is a test for bromine is well 
as for iodine; but it produces an orange hue, instead of 
the blue which iothne affbrds. 

Bromine, like chlorine, combines eitlier with oxygen 
or hydrogen, and in both cases forms an acid. The 
acid formed by oxygen is callers Itromw (wid ; ihat with ' 
hydrogen i^^hydrf^romw fields The former can only 
exist in combination w^h water \ but the latter is a gas 
which water absorlis, and acquires considerable acidity 
and density by so doing, <ijh^rine also eomb^Sies with 
bromine: the chloride is an orange volatile liquid. 

The combinations of bromine are iiumerouSj hut their 
' do not warrant the occupation of limited space 

by particular deGcriutions. 
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SlidTION" VIII, 


Amongst tlie various cqfnbuBtible boJks witl^which 
coinrioji observation makes us acquaintetlj the sulv 
stance calletl sulphur stands sufficiently characterised 
by its well known appearanccj an<(* the “peculiar blue 
flame with which it It is much used in the arts 

and manufactures. It is found in great purity in many 
parts of the world, espcciafly in volcanic countries 
amongst lava; it occurs in masses,*and sometitnes in 
crystals j and it is ai* abundant ingredient in various 
minerals. It is of a yel(f>w colour; is modeiatety'lhaTd; 
has a peculiar smell, which is increased by friction, or 
l>y a gentle heat. AVheii a roll of it js held in the hand, 
it at length crocks in ])ieces. It is a non-conductor of 
electricity, and when rubbed J^ecomes highly electric. 
When heated to 218°, it melts almost into a liquitf; if 
heated a little more it becomca less liquid^ and if much 
more it becomes ten^ci^us ; on cooling somewhat, it re¬ 
turns to its former, liquidity. lf*it be allowed to cool 
until the parts next, tilt bides and Ijottom of the con^ 
taining vessel are solid, while the central portion is stiU 
liquid, and the vessel is slo'^fly in^Sined so that the 
liquid part may nm oft* the interior will jjresenta mass 
covered all over with cr^tals of stdphur. If, while 
melted and viscid, it bJf poured into cold water, it Ac¬ 
quires somewhat the conafstence of softened sealing-wax, 
and in this way it is ofteh used for taking im 4 y;^SPiond 
from seals. When strongly lieated, it boils and evapo¬ 
rates; and the vapour condenses on any cold li^ly in 
the state of a fine yellow powder, called flower a of sul¬ 
phur : tlie part that refuses to evaporate is called mU 
^ur mvum ^—an inappropriate nam^, and contradictory 
to the old name cafut mortuwt^ which such residua ob* 
taiited. If heate<l to 300° in contact with tlie atmo.- 
sphere, it takes fire, and burns with a lambent blue flame, 
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wliicli, as the heat rises, Ijeeonies whitish; even at 190^ 
it burns* but so fed>ly that tiie qua^^ity existing in 
gunpowder may he all consumed withciit explosion; 
this may be done by laying the gunpowocr spread out 
ftn a moderately hot tile. Sulphur burnsj in oxygen 
gasj with a mutli more hrillwuit and a ligiiter coJoured 
fiaine* ^ In either eascj the sulphur combines with 
oxygen, and^ emits copious fumes, which are a com¬ 
pound of oxygen and sulphur ; they are pungent to tlie 
smellj and acid to tlic tast<?. '\Ve are acquainted with no 
less than four compounds^ consisting of these dements 
in different proportions* 

Sniph^iroua — The above mentioned fumes are 
the hrxJ-xcompound: we know o? no oxide of sulphur; 
all tile convbinations possess acid properties* Tile one 
at present under consideratioiij in conformity with the 
principles of nomenclature already explained, is called 
sulpliunms acid. When quite free from water, it is a 
gaa^ at ordinary tempeuatures and pressures of the at¬ 
mosphere ; hut when compressetL into half its bulk, it 
becomes a liquid; and tlie same happens by ex^xiaing 
it to an intense cold without prejssure. Exposed to air^ 
tliis liquid acid evaporates speedily, and produces such 
a degree of cold, that the mercury in a thermometer tube 
may he froKeii by its tneauB: it boils at 14“, The gas 
has a strong affinity fWwater; it is absorbed by -^^th 
of its bulk ofovater, and the solution thus forjjicd is the 
same as what is (vimtnonly cjfelled liquid sulphurous acid; 
buk is perfectly different from the acid Jiquelied by cold^ 
for the latter may contain no water* The gas may be 
^xpdloi again from its solution in water by boiling. 
This acid comports itself differently from other acids 
with regard to some vegetable coIoutb ; it instantly red¬ 
dens the infusion of blue cabbage, but it discharges the 
colour of infusion of the red rose. The gas bleachea 
various textures, as those of silk, wool, and straw; the 
liquid acid bleaches spongb. It bears a red heat with-> 
out decomposition. 

When sulphur is burned in perfectly dry common 
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air 3 or oxyf^en .^aa^ no product is formed Taut sulplmrous 
acid ; liuL if niiJIsture be present^ Both this acid and 
sulphuric aci*i are produced. To generate sulpimrous 
acid gas for exporm>eiit, mercury or copper clippings 
should he boijoti witli strong sulphuric acid, in a gla^ 
retorlj and the gas recoiled over mercury, as water 
would absorb it. When sulpluir is burned*, in tlry 
oxygen, its volume, when eolri, is so littlii altered^ tliat, 
were llie suljjhur cpiite pure, it is l>elieved there would be 
no alteration wdiatcvcr, 'in fact, it is adinittedj that sul¬ 
phurous acid gas contains ca acjly its own bulk of oxygen. 

This gas has an exceedingly pungent smell; it is 
fatal fo hreathe lt:*utidilutefl; it extinguishes tiame; and 
is not inflammable, specific gravity, to 

Davy, is £J'!329*^j according to Thomson, ^’2i?l ; the 
mean is 2'5i2/iJ ; and hence 100 cubic inches of it weigh 
grains* If from this last^uinber we subtract 
the weight of 100 cubic inches of oxygen^ 33*9153 
grains, the reini;mdur, 34diH'3*grainSj are the weigjit of 
100 cubic inches of sulphur vajiour, sut^i exists in 
sulphurous acid, lienee, 1 conceive the specific gra¬ 
vity of vapotir of ^sulphur must, be and not 

1*1 111, as stated in clj^mical works. If we suppose a 
volume of sulphur vapour and a volume of oxygen to 
condense into a volume of sulphurous acid, the suppo¬ 
sition wilt just accord ^vith tlfe known specific gravity 
of tlie latter; for 1*1244+1-HJ07= 2-fl25K* 

SulpkuTiJG aM .—'Tjas boon •Ireatly mentioned 
that dry oxygen gas doQp not act upon dry sulphurtms 
acid gas; but if water*be present, a combitiatioii is 
effected, and sulphuric acid is formed. The^voost in- 
stlTiCtive mode of making the experiment is the follow¬ 
ing : — Pour some liquid sulpliurons acid into a flat 
vessel, and invert a jar of oxygen gas over the acid, so 
that its surface may be in extensive contact with the 
oxygen. After some time the quantity of oxygen will 
begin to diminish, and the liquid will slowly rise in the 
jar, until at length all the oxygen (if it^ quantity was 
exactly apportioned) will disappear. The sulphurous 

* o 3 
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acid is now totalJy altered ; it has lost, its suffocating 
Hinell; it may bo bofted without expell^g any and 
instead of discharging the colour of th^ red rosej it 
Tenders it more intensely red ; it is now converted into 
^Iphuric acidj althougli very miidi diluted with water* 
If the<iiqmd be boiled until its spociffc gravity become 
l*84.5jjtis then the strongest sulphuric acid that can 
be obtained. 

I'hc process just described is vtrry different from that 
made nsi- of on the large scale for obtaining commercial 
sulphuric acid. Formerly it was procured by the dis¬ 
tillation of conunon green or white copperas^ that isj 
fiulpliato of iron or of zinc. When snlpliatc of iron ia 
heat in a retortj if lirst gives off water of 
crystallisation; this was called phifigm of vitriol; it is a 
little acidnloua; next comes a tolerably strong acidj 
which was called npiril of vitriol; andj lastly^ the 
strongest portioUj whicli^ from ita co ii sis ten ccj wras called 
oil of vitriol: the latter part of this becomes solid, owing 
to its great concentration, and was called glnoial oil of 
vitriol; it possesses the property of smoking. From 
6 cwt* of common sulphate of iroii,^'llernhard obtained, 
by distillAtion, 5^ pounds of dry concrete acid —^ 

In 170^1, Homberg published a faper in tlie Mcinoira 
of the Royal Academy, in which he tlcscrihetl a method of 
obtaining spirit^of sulphur by burning sulphuivn a wide 
receiver. But this F»ust have btep done to great disadvan¬ 
tage; for GeofFroy informs us, that by the process, 1 
pound of sulphur sometimes yields Id ounce of the 
spiral, and this be considers a great product. That 
it ivas then a great product, and the process a real im¬ 
provement, appears from The Booke of Distillationa/* 
which gives the following method: —Throw brimstone 
in sinal! quantities into a pan of earth or iron placed on 
the iire* Keep a bell glass hanging over it, hut not so 
near as to confine the vapours, and thus extinguish the 
fiamc. As the brimstone burns, sqpply more; a dark 
red oyle will collect, and dds conceive that of five pounda 
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of brimstone yo.fi shall hardly gather one ounce of oyle/^ 
Such was the p^duce two centut+es and a half since, 
Homberg, JioiRcvcr^ was not the inventor of the im¬ 
proved procesRj for it is mentioned in Margraaf's Ma¬ 
teria Modica Contraeta, jmblisited twenty years before.* 

In some time after^ Cornelius Drebbel, a Holiaiider, 
discovercfl a method of obtaining 10 outicea^ of the 
acid spirit from a pound of sulphur; but the process was 
kept secret, 

Tim ue3kt great iraprtrteinent in the manufacture was, 
the discovery that, hy adthtjg ty tre to the sulphur during 
the buruingj the access of external air, which used to 
carry oif the acid Jurnes, was rendered unnecessary, and 
that a much larger product might thua be^lhtained. 
This liad a considerable cflect in reducing Ihe price of 
the acifl; from Oft. per pound, it fell to Ijp., and 
then to lOd.; a sliort time previously to 175H it was 
reduced to Ad* ~ (^E/af)f)r(ftorif Itikl opaUj 158,); and at 
present it is sold in London for scarcely more tlmn a 
quarter that sum. A patent had been granted to some 
persons, a few years before 1758, for this mvention; 
but oil the grounds (if u^vclty they liad no title to such^ 
for tlie nitre process is actually described hy Lemery, in 
his Count dfi 

Until 1807, when the theory of^Clement and Deeormes 
was first promulgated, the psac Lice'throughout Great 
Britain had been to enclose a number of 4 >latefi^f iron,’ 
containing a mixture of oe 4 part of nitre to nine of sul¬ 
phur, in a state of combustion, in a chamber of itad, 
which was made as close as possible by means of w^ater 
lute* This was done ac(X)rdantly with the iiaprov(?ment 
above mentioned, of preventing the acid fumes from 
being carried off; hut it will presently appear tliat tlie 
closeness of the chamber was of the greatest possible de¬ 
triment to the process, because it excluded common air, 
and because a crust of hard salt, which could not be 
broken, formed on the surface of the burning nielted 
matter, and prevent^ perfect combustion. Up to tliis 
periodj it was considired good produce to obtain five 
^ 0 4 
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parts by weight of sulphuric acid from ftmr of sulphur^; 
and often tlie avorS^c prodmce did ifiot cxcral equal 
weights^ But as soon as llie theory of Clement and 
Dcsonttes became known, the neces^iity of admitting the 
fetniOfipliere Wdn perceived^ rakes wcic applied to tiic 
burning matter; and such wr.s the efteet on the produce, 
that from 1 puunrt of sulphur no less than 2^ or 
pounds were obtained, and from O'd.j to which the 
price liad risen, it was reduced to per pound. 

Instciwl of burning the mixture ot' sulphur and iiitrc 
in the chambei-j a stratijm ,of water being laid on its 
floor to ubisorb the acid fumes, the pieseiU practice is to 
burn tiic niixturt; on [an iron pan, ip a furnace outside 
the charuber, so contrived that tht? fumes shall enter the 

i I 

chamber, Aid lie there condensed in tlie water: no air 
passes ijito the cliamhcr Imt wliat goes over the burning^ 
sulphur. According to tlie old process, the crust of salt 
from the pans often fell into tlio acirl, and rendered it 
foul; this is preventeddiy the new plan* If the com¬ 
bustion of tlij; nitre and sulphur be allowed to proceed 
too rapiilly in the furnace, there will be little or no sul¬ 
phuric add formed in tbecbamhtrV the sulphurous add 
and nitrous gaa will bo perceived in tlie most remote 
chamber, witliout condensation ; and, perhaps, unacidi- 
^ed sulphur will be s^iblinied. Suppose that a charge 
of 1 cwt. of the iiiixtwre of sulphur ami nitre is 
burned oiioc, three such charges will be consumed 
every twenty-fourjiours; a ^lew one being adfied when 
the''former is nearjy burned out; each charge is to 
be continually raked, especially near the end of itfi 
<^mbustion. The water in the bottom of the chamber 


absorbs the fumes, and increases in specific gravity, at 
♦ first more rapidly than afterwards; when it arrives at 
1*350, if it gain 3^ of Twaddle's hydrometer (i e. spe- 
dfic gravity 0'015) every flay until it attain l'4-50, it 
is accounted good work, the depth of fhe water being 5 
or 6 inches, and the height of tJie chamber 12 feet. 
In some vitriol works, when the ^|J reaches l‘4r50, the 

* IlVlQfl's p. 
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imprcgnatiou is'd is continued; it is then concentrated by 
evaporation in (eaflen boilers, uiitil it become l^iiOO. 
At a strength Very little beyond this, the acid would act 
upoji lead; and so high is the boiling point become, that 
the lead would be in datjger of melting* On these at?i 
counts, it must he transferred to glass or platinuni^retorts 
or matrasses, in which it is boiled down or ilistihed, 
until it be of specific gravity 1 or 1'850, 'The liquor 
which boils oft' in vapour is at htst water; then liquid 
sulphurous acid ; and, lastly, sidphuric acid* The test of 
completion is, that the acid, ivigiiially deep brow^n, has 
become perfectly colourless, '['ho cause of iJie brown 
colour is excess sulplmr; this decomposes the snl" 
phuric acid, and hcncc^ 4 ^dph^lrous acid apptwv ’ jhere 
is tluKs a waste, although but trifling* Sulfiliur boiled 
on sulphuric acid, turns it blue, green, or brown, ac¬ 
cording to the quantity of sulpliuft It is proper to 
observe that, in some faetoj'ies, the impregnation of 
the water by gas in the Iftideii ebambers is fson- 

tinned untii the specific gravity he it is then 

transfeiTed at once to the platinum retorts* 

The leaden chamtteifi at length,*hut slowly, are cor¬ 
roded and wear out; thg sides and top most, the bottom 
least ; but most of ah near source of heat* T have 
known lead of six pounds to th* sqVtiifc foot, to stand 
moderate work for fourlccn years* About half a pound 
of the combination of lead with sulphuric*acid Is found, 
after the perfect eonce^ifration of a i%tort charge which 
afforded 1 /jO pounds of ^id ; and a little more remains 
dissolved in the acid, whi^h dilution precipitates* 

The reshluum remaining after the burning of the 
Bulpinir an<l nitre is sold to alum makers, soda makers, 
and soa^ boilers* 

The following ie the theory of Clement and Dcaormes, 
as improved by sir H. Davy : — The sulphur, by 
burning, forms sulphurous acid gas, and the acid in the 
nitre is decomposed, giving off nitrous gas; this, coining 
in contact with the o||ygeii of the atmosphere, iiroduccs 
nitrous acid gas, which has no action upon sulphurous 
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acitlj to convert it to sulphuric actclj hnkss water be 
present; and if this"^ubstancc Ik? only^Jn a certain pro¬ 
per tion^ the watcr^ the nitrous acid gas/ and the suU 
plmrous add gas combine^ and form a white crystalline 
sS)lid, By the large quantity of water usually employed^ 
this cfl^npound is instantly filecomposedj oil of vitriol 
formed, and nitrous gas given off* which in the air 
again hecotnep nitrous add gas; and the process con¬ 
tinues, acconling to the same principle of cornliination 
and fleconiposition, till the wafer at the bottom of the 
chaniher is become strongly ?dd. It is easy to prove the 
trntfi of these reasonings. Let tlry Kulphurous acid gas 
and nitrous add ga,s Ik‘ mixed together, by suffering the 
suipljlir^flt'c gas to pass into a^^’jlass globe partially cx- 
baustedj anti containing nitrous acid gas, there will be 
no action betiveen the gases; hut if a flrop of water he 
introduced, there wiH be an immediate condensation, and 
a beautiful white crystalline solid ivill line the interior 
of tjie vessel; wliereaaydf the globe contain plenty of 
water, nitroufj gas will he given off ivith great violence^ 
and the water will he found to be solution of oil of vi^ 
trioL” It b i!vident that the azofc,' which is continually 
accumulating in the loatlen chainher, must constantly he 
allowetl to escape. 

The following are the chief properties of sulphuric 
acid : — When mixed wkh water, lieat is generated. If 
the acid' weigh four times as much as the ^ter, and 
both are at the temper^tui;^ will rise to 300"^, and 
there will be a diminution of volume. Such is the at¬ 
traction of this acid for water, tliat it will, when exposed 
to the atmosphere, attract moisture from it, and will 
thus grarlually become much diluted. The greatest de¬ 
gree of concentration to which pure sulphuric acid can be 
brought by boiling, is specific gravity 1 *845 *; and even at 
this strength, every 100 parts weight contain 18'37 parts 
‘ of water* The add of commerce, as it comes from the 
manufacturer, is 1*850; but it is so in consequence of 
its containing salts of lead, or earths, or of potash, 

• Perceval, liJeh Ttanc. Iv, 09.; and TJre*a Dictlenary, 
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It Tnay be purified from tliese by distillation over a char-^ 
coal fire in a gieeii retort, on •be bottom of which 
some bits of glass or [datinum should licj to prevent con¬ 
tinual couciissiou» arising from tlie .vaporisation of the 
acid under so heavy a liquid, which might endanger th^ 
vessel The portions that ^rst distil contain th(^water 
presentj along with any sulphurous acid that may have 
been generated hy the accidental mixture cjf carbonaceous 
matter; these should be rejected. I'lie second portions 
that come over will be ve^y pure; but the phial in whicli 
it is kept must be well closed^ to prevent dilution by 
atmospheric moisture* Sulphuric acid, colourless when 
pure, becomes (Itscoloured by any eafbonaccous matter 
ialiitig into it ; a bft of i^rk would eftedually'blacken it* 
13oOing is the remedy ; for tlie carbon is txpell# as 
earbouic acid, along wdth the sulphurous acid generated 
by the abstraction of oxygen hy the ^^rbon, 

Sulphiiric acid free sees when sufficiently cooled, and 
the crystalware sometimes large, 4istinct, and bard: when 
of specific gravity l'78tb Mr. Keir found it to crystafliso 
on being cooled in meltiug snow (32 “); andtf stronger or 
weaker, it required a^r^ater cold : l>ut the temperature 
of the crystals, when formetl, Avas so*liigh as 4.^'^** This 
does not correspond witlf the extensive experience of a 
scientific vitriol manufacturer, who infonned nie that 
the specific gravity of the acid ^hich lie found to freeze 
roost easily, is i‘835, * * ^ 

Saxon or Nordhausen sulphuric acij is made in the 
following manner ; —Often copperas (sulphate of irflii) 
is calcined to a yellovdsh red ; it is thus freetl from the 
chief part of its water, antf is reduced to half its weight* 
While still warin, it is distilled from large earthen re¬ 
torts in a reverberatory furnace: it gives some aciilulous 
water; the acid then comes over* Its specific gravity is 
sometimes as high as 2*0* The tlistillation of a batch of re¬ 
torts often continues ten days. If the calcined copperas 
were not immediately distilled, it would attract moisture* 
Such is the process described by Gren and Wiegkb* 

* rhilobophiuaL Tranaactions, by Hutton, Stc. xvL 27L 
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Tins iiciilj'wiit^ii exposed to air^ tUschar^'es whitish 
gray vapours^ 'whicli^'art* not sulpliuroaitiaciil, a« formorly 
supposed, but real dry siilphurie aokl. Add of spetidc 
gravity 1‘8^K> ooiitains about of watt‘r; and is 

?0 volatile, that it boils at 1^0"^_ {Thornmn^^ If it be 

distilUd into a rocoWer noided with snow^ the fuming 
portion conics over tirst^ and coiiuretcs into a fibrous 
solid like which is far more volatile than ever, 

and is pure sulphuric add ; aJl the water remains in 
the ijortion contained in the Retort, which is now cotn- 
moti sulphuric acuL , 

From "these facts it therefore appears, that perfectly 
pure and ^Uihydmfia *■ sulphuric acyl is a white solid 
snbstan«(^_^so extremely volatile^^^?hat it discharges vapours 
of sulphuric acid into th(^ air ; these attract moisture, and 
both condense into visible particles i and that, if to 
8l'f>,S parts of it, lB^S^ parts of water he addetl, both 
by weight, the result is ordinary auljdiuiic adrl, which, 
instead of being volatile like the original, requires a heat 
above to make it boil. Further additions of water 
render it more volatile ; hut it is obvious that the lioiling 
point can never fall hwer than be the acid ever 

so dilute, ahhough the pure aesd boils below The 

solid acid. Dr. lire says, if dropped on paper, will burn 
holes in it with the rapidity of a red-hot iron ; dropped 
into waterj it hisses as ifi a red-hot coal were thrown in: 
at it melts into a thin liquid. The aii^ysis of sul¬ 
phuric acid is rcndily perfoWed in the manner pointed 
out by Davy. Let tlie strongest acid of commerce be 
passed in vapour through a red-hot porcelain tube; part 
of it will be decomposed into two volumes of sulphurous 
acid and one of oxygen. The water, with which the 
decomposed acid had been in combination, will mix with 
the portion of acid wliich escaped decomposition* Sul¬ 
phuric acid is, therefore, composed of two volumes of 
sulphurous acid and one of oxygen, condensed into a 
liquid. SiOO cubic inches of sulphurous acid weigh 


• That Is, without wa ter. 
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137*1195 grainSj an t-qnal volume of which is oxygen, 
and weighs C7"S^0fi- The' 200 Volumes of sulphu¬ 
rous achl, in becoming sulphuriCj take up 100,cubic 
inches of oxygen, weighing 33*0153 grains; whicJl^ 
added to the oxygen already in the sulphurous acid, givef 
as the total oxygen, 101 *74^9 grains: but, in tb^ 200 
cubic inches of sulphurous aeitl, there are 200 cubic 
inches of sulphur vapour, weighing 6'9 288(> grains. 
Hence, sulphuric acid consists of 101*7^59 grains of 
oxygen and h9-2H8fi gmina of sulphur; and, conse¬ 
quently, JOO grains of suljdmj combine with 146'843 
grains of oxygen, to form anhydrous sulphuric "acid: or 
200 volumes of suhdiur vapour combine with 300 vo- 
iumes of oxygen, thevol^ejOf the latter hein|^l^ time 
as much as exists in sul^urous acid, - • ^ 

Hlf}midpharoas Hypmulphnrw avAds. — Beside 
sulphurous and sulphuric acids, theje two otlier com¬ 
binations of sulphur with oxygen which contain a less 
proportion of oxygen than the sew acids respectively, j,nd 
they arc both acids; hence, one is called kypomtphurous 
acid, ami the other h]fpo(iulphuTiii acid- To produce the 
former, 100 parts, hji ’iyiight, of sulphur combine with 
24*474 of oxygen. To form the la*tter, 100 of sulpimr 
copibine with 122'369 oPoxygen, llyposulphurous add 
has been obtained in an uncombiqpd form \ at least, in 
coiTibinatioEi only with water; but, even in a few hours, it 
undergoes spontaneous ilec^position. ILypu&ulphuric 
acid has been procured in sftution in ^yater, the specific 
gravity of which may^e raised, by evaporation,*to 
1'347 ; but, if the heat t)e continued beyond this den¬ 
sity, the liquid is resolvSl into 4 parts by weight of 
sulphurous acid gas, which exhales, and 5 of sulphuric 
acid, which is the only remaining product. Hence 
these relative quantises of tho two acids, combined, con¬ 
stitute hyposulphunc acid. 

StthitulphnroHS acirf*—There is one more compound 
of sulphur with oxygen : it contains a quantity of 
oxygen, intermediate between sulphurous and hypoaul- 
phurous acid; and is called by Dr* Thomson, who first 
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pointed out its exact nature, ffuhniifphiivous acid, as 
containmg a lower ‘ ratio of oxy^^eu ^han what is con^ 
tained in sulphurous acitl, and yet distinguished from 
that in whic!i the ratio is still lower, yi?!, hyjjosulphu- 
^ous achl. In subsiilphurous acid, lUO of sulphur 
are cajnbiried with 48^94*8 parts of oxygen. The fol¬ 
lowing table! shows the eomposition of the compounds of 
sulphur and,oxygen by volume and weight: — 

StiJpv.^p. ^'Ok. Suipb. OxyKill. ojl 

H%]H)4n1phuruiJ:fl uchl - lf}0 -f ‘Zl o 1{)(^ -t- 174 dr 1 

SuiMi^phurous noid . -j- « KX) + or ‘2 

Ssil[i'}iunnL'S dtiii , !(){> + JlilMn ■+ Sf7 dr 4 

Hy|krisLj]pf]uric - liiH + ni l(il> + tir 5 

Suiphuric ;ii'id - - JyO + J'jfl uJ iiJfJ -\r 14+j ?4 j Oy 0 

i'he ratio of oxygen in these compounds is as the 
TiUTHhers 1, 3, 4, Oj fi* Were a compound Jiereafter 
discovered in whith tlie volume of oxygen would be 7-^, 
we should then have the series of natural numbers com- 
pleite. [ii all probability such a cotnpoutid exists. 

iSulp/triirHted /ipdrofffntj or IIjfdrfmniphHrw amd, ~ 
Sulphur lias an affinity for hydrogen, and unites with it 
in two proportions. If suliihuv be heated in a flask of 
hydrogen, the latter dissolves some sulphur, and a gas 
is produced by the union, whith has 'an intolerably fetid 
smell, resembling Iha^of eggs in the last stage of putre¬ 
faction ; indml, the stiitjl of putrid eggs is owing to the 
of tins gas. Buti^y this process hydrogen 
does not take th-t quantity of sulphur which would be 
necessary to form even the first combination ; about half 
of the liydrogen remains altogether unchanged. In 
order to procure the perfect combinatioTi, hydrogen 
must be generated in contact with sulphur; and, while 
in the nascent state, it will saturate itself in the fl?st 
degree. The substance sold by druggists, under the 
name (frude antimony/, or sulphuret of antimpfey, ie a 
combination of sulphur and the metal antimony ; if 
strong muriatic acid be heated on this substance, in 
weight about six or seven times that of the antimony, 
an efifeivescence will take place; hydrogeh will be 
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formed; and it will instantly saturate itself with aul- 
phufj so far as to form the ga» in question. This 
compound is sllphurctted hydrogeiii It is collected 
over waterj m vessels hlJcd with water in the usuul 
manner* But as little water as possible should txj usedt 
as it Absorbs tiiiu^ its bulk of the gaSj occa¬ 
sions so much waste* life gas is, at the same time, 
purilied from any mariatic acid fumes which might 
have passed off' along with it* Water*thus impreg¬ 
nated, is found abundasitly in nature ready formed; it 
constitutes the suljjhurous springs of Harrogate, Aix- 
la-Chapelle, Kilburn, &c, * 'Jlie sulphuretteddiydrogcn 
may he cxpellcrl, imalterfd, by boiling the water* 

If a stream flf sqlphureted hydrogen be passed 
through water tinged ’vAh a vegetable btucflEhe Mour 
is changed to red, in the same way as it would be were 
carbonic acid passed througli it, or jny other acid* This 
gas combines with other bodies, and comports itself like 
an acid, except that its taste is^f^not sour, Some jears 
sJhce, when cln mists imagined that oxygen was the 
acidifying principle, and that nothing ctftld be an acid 
that did not contain it, the properties of sulphuretted 
hydrogen were coiisidered anomaldhs and irreconcilable. 
Now it is aweertamed tltat, (o constitute acidity, oxygen 
is by no means necessary, anti hydrogen is knowm to 
produce acids in conjunction oflier bodies. 

Sulphuretted hydrogen Jias been narag^l bj^the Ger¬ 
mans hydrothionic acid suljjfiur) ; Uie French 

call it^h^/drotiitlphurie E:id. If 100 cubic inches «f it 
be mixed with 150 cubit inches of oxygen, both dry, 
and an electric spark passed through, an cxplosion^takes 
place, water ia formed, and the 2,50 condense into 100 
cubic inches of sulphurous acid* Now, hydrogen, in 
combining with sulphur, does not alter its volume; it 
is, ttarefore, evident, that 100 cubic inches of sul- 
phuretled hydrogen contain just the same volume of 
hydrogen. To form water, the 100 cubic inches of 
hydrogen must have removed, and combined with 50 
cubic inches of oxygen; leaving 100 cubic inches of 
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Oxygen to form eulphurous Bcid with the whole sulphur 
present. Aa oxyge?'j in combining with sulphur to 
form sulphurous aeidj does not alter itrfvolume; and as 
half the weight of 100 cubic inches of sulphurous acid 
gas is sulphur^ amounting to grains | it ia 

manifi^t that this was the weight of sulphur cd^Ptned 
in the original 100 Qubic inches of sulphuretted hy-* 
drogen; and if the weight of JOO cubic inches of hy¬ 
drogen. viz. 2'*1137 grainsj which is die whole quantity 
originally present^ he atldeclj we »hen have 3G'7f>t grains, 
as ttie weight of 100 cubic inches of sulphuretted hy¬ 
drogen. t From this, by Ihe rule of three^ we calculate, 
that, as 30*8115 grains of common air (the weight of 
100 cubic inches of it) are to 30^761? grains i(the 
wclgot oi the ^aine measure of tsulphuretled hydrogen), 
so will the number 1 -000, or unity, be to tlie number 
expressing the specific gravity of sulphuretted hydrogen, 
or l'lf)31. This is the calculated specific gravity ; ex¬ 
periment has given the pumber almost exactly the same; 
Gay-Lussac and Then arc! found it ri 912 >—(TAtf«nrd, 
El4iy£bntahej, i. 

This gas neither supporti(%omhqstion nor life j it is 
one of the most poisonous knowlt; experimentB 

' have been matle which prove tb^t so small an admixture 
as of it with common air is capable of killing a 

horse, if breathed; a' greeiiflwh instantly dietl in air 
contaL[4pg ;^th of its volume; and it has been shown, 
that enveloping t^e body (if a young rabflit in sul. 
phnretted hydrogen, the head viekig in the open air, 
killed -jt in a quarter of an' hour. It extinguiahoB 
instantly, but easily catches fire from a candle, 
and bums with a bluish fiame, provided that the ' 
jet of gas is in contact with air, A few drops of. 
sfrang nitric acid let fail into a vessel filled with auL- 
phuretted hydrogen, sets fire to it. suffered Mevero 
injury from an accident of this kind, twelve yeaffiTsince, 
long before Berzelius announced the a^feension of sul¬ 
phuretted hydrogen by nitric add. 1 had poured^mu- ■ 
riatjc add on sulphuret of antimony in a very large 
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matrass ; and while the vessel was partly filled with 
phuretted hydrof^en, and partly yith comm on air, I 
poured in a littie nitric acidj when in&tantly the ma¬ 
trass was shatte^ilj and my hands were severely in-* 
jnred. In such experiments tlie two acids should 
preyiSlisly mixed, before tliey are poured on the sul- 
phuret* * ^ 

Sulphuretted hydrogen may be easily recognised, even 
when largely mixed with other gaseSj its power of 
bkcteiiing silver, and dry powder called white lead. 
The wood-work of rooms, painted with Avhite lead, is 
darkened by humair* e^alations containing this 
gas; and articles of plate are blackfiued by the same 
cause. * 

This gas may be cgnfeused by pressure in|^''a liq:M; 
but it recovers the gaseous state, with energy, when the 
pressure is removed. 

^wulphnrettetl hydrogen^ or UydrogureUerl sulphur, 
—' Thda compound contains twice as much sulphur aa 
the preening; th-^ following is an easy process, gived by 
Dalton, for obtaining it:—Let half an ouiioa of Bowers of 
sulph*pfi 8nd as much slaked lime, be gently boiled to- 
gethes in 10& qftart of fain water for one hour; more 
water may be added as ]| evaporates. After cooling, a 
dear yellow lif^uid is oht^ned. To six ounces of this 
liquid put half an ounce of ouinalic atid, and stir them* 
In a short time the mixture exhibits a milk]^appear- 
ancie, and this becomes irlterspersed wltff hr own oily 
dots, which'gradoall|p^tubside into an adhesive raalter 
of a semiUquitl form at*the bottom. The liquid may 
tlieu be poured off, and tine brown matter washedHfrith 
vrfttOr, which is to be poured ofF.^ From 20 to 40 grains 
of this brown oily substance will be obtained * If a 
portion of it iouch the skin, it requires a knife to scrape 
it off, ^ When a little of it is applied to the tongue, a 
of great heat, and a bitter taste, are felt; the 
■aliva becomes jyhite tfce milk*” When heated, sul¬ 
phuretted hydrogen exhales, and sulphur remains* Very 
little ia known of the nature of this compound; it is a 

p 
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feeble acidj and combines with alkaline 
From Thomson’s es^ieTiments it may be infetretlj that, 
to form bisulphuretted hydrogen^ lOO^arts^ by weight, 
of sulphur^ combine with 3^0592 of hydrogen. That 
<|uantity of hydrogen would require but 50 parts of 
sulphur to form sulphuretted hydrogen. ^ 

SiiiuiphuTet of cwr/iort. — Sulphur combines with 
carbon, and forms a liquid which formerly had the 
ahsuril name^of alcohol of mtphur^ but is now called 
bisulphuret of carJjon. It may, be formed by distilling 
the mineral called iron mixed with one fifth of 

its weight of newly burnt charcoal, both in flue powder, 
from a stoneware iretort, coated with Stourbridge day^ 
and placed in a furnace, 'Fhe beak of the retort is to have 
a kng tube luted to it, olifc'end of which plunges 
into a vessel of water. By a strong heat a yellow 
liquid distils over, and falls to the bottom of the water, 
from whicli being separated, it is re-distilled in a glass 
retort with a very gentle heat* I'his liquid is sulphuret 
of {Wbon, 

When thuij rectified, it is transparent and colourless ; 
its boiling point is about 308^ ; its specific gravity is 
about I'Sfifi: when exposed to air, it evaporates ra¬ 
pidly, and produces intense cald, such is its volatility* 
If a thermometer tube, with a bit of muslin tied round 
the bulb, be dipped iri this liquid, then included in an 
air-pum^ receiver, and tlio air exhausted, the evapor¬ 
ation produces su.ch cold ithat the mercury freezes. 
And if a few drops be diffused the surface of a glass 
of cold water, the bisulphur^t will begin to evaporate 
so thpidly, and such cold will- be produced, that what¬ 
ever remains will become cased in a shell of ice. It 
takes fire at a temperartnfe very little above that nf 
boiling mercury, bums away, and is resolved into car¬ 
bonic and sulphurous acids. Its vapour, if mixi^ with 
oxygen, explodes by the electric spark with considerable 
noise; and if mixed with cWItitoxide of azote, anti 
transmitted througli a jet-pipe, it bums with a some¬ 
what greenisli beautiful light. It dissolves camphor. 
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and is converted into a Gubstatice resembling camphor, 
by the action of.a mixture of nitnc and muriatic acids. 
It dissolves in alcohoi and ether, but not in water* It 
appears to combine with alkalies and earths* Its smeU 
is strong and fetid. 100 parts by weight consist of 
fluiphur and i5*17 carbon* * 

^anthoffen and ffydrojeanthic acid.—Although bu 
stilphuret of carbon does not ap])ear to be an acid, 
a combination of carbon and sulphur is capable of 
acting as an acidifiable Base, and forming an acid when 
combined with hydrogen.# Ia this case, the combin¬ 
ation of sulphur and carbon constitutes a compound 
radical, no doubt ^hiferciit in the ratio of its elements 
from the bisulphuret^ndj when acidiRerl^y hy^fo. 
gen, is to sulphuret of carbon what hydrocyanic acid 
is to cyanogen. On account of the yellow compounds 
which this comhustibk radical is cjfpable of producing 
with certain metals, it has been called ^ntho^en (from 
yellow). Mid to the aSid whicli it formtT by 
combination with hydrogen, the name Jiydroxanthic 
acid lias been given. It has also been called h^fdro^ 
earf>Oiiniphuric acid* * • 

I>r. Zeise, professor oi^chemistry at Copenhagen, the 
discoverer of this acid, states, that although bisulphuret 
of carbon does not redden litmus,*it neutralises an alco^ 
holic solution of a pure alkali: for the alkali determines 
the formation of hydroxai^hic acid by iffe Tfe-acdou 
of itself and the alcoh(^. If a conJbntratcd alcoholic 
solution of potash, iieutrajised with bisulphuret of car¬ 
bon, be mixed with dilatJt*U sulphuric acid, and in a 
few moments after with a large quantity of wato, a 
transparent, oil-like, yellow, strongs smelling liquul, is 
separated, which should be immediately well washeil 
with wa^r. This is hydroxanthic acid* Its taste is 
acid, anu then astringent and bitter. It red dens litmus 
paper, and then change it to yellowish white* It is 
insoluble in water, and is specihcally heayier than that 
duid* It 19 easily inBamed, and while burning dif- 
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fuses the smell of sulphurous acid* It is decomposed' 
by lieat.— {^Annale^de Chim* et de Phyii^ xxi. l 60 *) 

There are two other acids knowfij which arc coiU'* 
posed of the same elements as hydroxanthic acid> 
ftfthough very dissimilar in tlieir properties; they are 
called acidj ('nd sulpho^naphthalic acid* 

It will save space to refer vegeto-sulphuric acid to 
future consitleralion. 

Snlpfmuaphthidir. aeid h obtained by causing strong 
sulphuric acid to act on naplith'(*line, A red crystalline 
compound rcfiults; this dissolved iji water; the solu¬ 
tion is saturated with baryta: sulphate of baryta preci- 
pitatesj and, bcin^ separated^ the solution of sulpho- 
nanhthala,*^ of baryta is decoitt^.n^d by sulphuric acid, 
and filtered* ^This liquid is the acid requireil. When 
the water is reinoved, it becomes a white, deliquescejit, 
easily fusible solids, of an acerb acid taste* It is com¬ 
posed of carbon, hydrogen, and sulphuric acid: the sa- 
turLtihg pow’cr of the tiulphuric acid is reduced to half 
by combination with the carbon and hydrogen* 

SKfphuretJi of i'yanogtn and Sulphocyanio add* — 
Sulphur combines with cyanogen in two proportions, 
and forms two distinct compounds. To form the lirst, 
100 parts of cyanogen combine witli ^fl of sulphur; 
but in the second compound there is four times that 
quantity of sulphur* 'l^lie latter sulpliiuet of cyanogen 
is knowni t4>“act the part an acitlifiable hRse, and.by 
combining witli hydrogen to form an acid, which is 
cafled hydTmul^hmyuniG acid^ or, simply, m^diocyanic. 
This acid is capable of crystallising at a very low tem¬ 
perature : its smell resembles that of acetic acid: its 
taste is sour* But-its chief distinguishing property is^ 
its producing a deep blood-red colour when dropped 
into any solution which contains peroxide of iron ; the 
two Bubstances act as tests of each other's presence* 
This acid combines with sulphuretted hydrogen, and 
forms hydimulphmretled ^vdphocyanio acid* 

Chloride of sulphur^ •— If a glass flask be filled with 



CHAP^ 1, 


«elenivm» 


S13 


dry chlorine^ and a bit of sulphur introdticed, they will 
combine if hea+^j ami form a rcildish coloureil liquor^ 
which smokes in the air. Its specific gravity is 1'700: 
it boila bebw 200^. It does hot manifest acid pro¬ 
perties. It decomposes water, the oxygen of wbfbb 
combines with some of thr| sulphur, forming sutphurous 
ancl sulphuric acids ; tiic hydrogen combines with the 
chlorun*, forming muriatic acid, and ^me sulphur is 
precipitated* 


Seotton IX.. 


The substance now to be considered is nearly allied 
to sulphur in its nature, although "it in some respecta 
partakes also of the nature of a metal. There is a 
copper^miiie in :^wedeii, near ^♦’'ahliiii, celebrated ftir its 
antiquity, and its enormous produce. Resides copper, 
the mine affords vast quantities of iron combined with 
sulphur, and to sucU cxtetit, tl^t it has been found 
worth while to extract the sulphur, although it is ex* 
ceedingly impure* Tfie sulphur is consumed in the 
manufacture of sulphuric acid.# A^'ter the combustion 
and acidification of the sulplfur, and the absorption of 
the acid fumes^ by the IJatcr used in ^c^irocess, a 
retldish brown substance is found ft subside, Ci)nsisting 
of a great proportion qf sulphur mixed with otliA’ in¬ 
gredients* If some of this reddish brown substance he 
strongly heated, it emits a pungent smell resembling 
that of horseradish. 

J}y complicated ])roccsses, it Is possible to separate 
the odorous substance from the reddish brown matter* 
This substance seems to ])artake of its sulphurous 
origin; for it in many respects resembles sulphur in 
its properties : and, on the other hand, it possesses so 
much of the metallic character, that its discoverer, fier^ 

p 3 
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zelius^ did actually pronouticc it a metal. At first he 
mistook it for the iTietal called telluriun^; but afterwards 
he ascertained that they are different substanccBj yet 
resembliii{^ each other in eome of their qualities- Tel- 
lifrium having been so named from the Latin 

name of-our planet, Berzeliiws named the new metal, as 
he considered it, selenium^ from the moon,— 

tliereby suggesting the relation of the two metals by the 
relation of the two planets. 

Since the discovery of this 'substance, it lias been 
found in tlie pyrites of tl'e icle of Anglesey, and may 
be detected in the sulphuric acid manufactured from 
the sulphur extracted from that mineral. It has been 
also^foundJn the sulphur of countries. 

SeleniuTflf, Uihler certain circumstances, has consider¬ 
able metallic lustre; but it has not the opacity of a 
metal; for, when reduces! to thin plates, it is semitrane-* 
parent. Unlike a metal, it is a non-conductor of elec¬ 
tricity ; and, unlike sulphur, it is a non-tlectric* Its 
colour varies ftccording to circumstances : if examined 
by transniittecl light, or, in plain terms, if looked through 
as a transparent body, it appears reddish ; but if seen 
by reflected light, that is, looked at in the ordinary 
manner of opaque bodies, it is feaden gray and brilliant- 
It breaks with a ^^itreous fracture, somewliat like sul¬ 
phur ; and it may be redtlccJ to a powder, which is red 
coloured*^ 'fcHce sulphur, when dbbjecSd to heat 
in a large glass globe, it sublimep into flowers, but of a 
redetish brown colour; while, in vapour its colour is 
yellow, somewhat like the vapour of sulphur. At the 
temperature of it softens; and if heate^l a little 

more, it melts; at a little above 600 ® it bdils, and 
distils over into tbops of a metallic appearance. When 
it-has been fully melted, it will preserve, while cooling, 
a certain degree of ductility, and may be drawn out 
into threads like sealing-wax; and these have a metalKc 
lustrO) although somewhat transparent- It is insoluble 
in water- lu specific gravity is 4*300. In the^ flame 
of the blowpipe it disappears, communicating an azure 
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colour to the flame, and a highljr diffusible smell of 
horseradish: m are its characteristic qualities. 

0~ride of Selenium combines with oxygen, 

and forms an oxide anti two acids, the properties gf 
which have not been fully ascertained. The oxide exists 
in the form of a gas. lt*hiay be produced by heating 
selenium in a flash of common air. 

Seknious avid may be fonned by passiiTg oxyg^ip- over 
selenium heated bo abo^t G00° in a small vessel, from 
which it cannot readiiy escape in vapour ; the selenium 
tabes fire, combinea with tfltyf/en, and forms tlie acid in 
question. It Bubliiiies into crystals, the form of which 
somewhat rcseinhlCs tliose of nitre. While in vapour, its 
colour is yellowish gfWh, resembling c^loif^e. Ijfcis 
very soluble in water and strong alcohol \ the taste of 
its solution is acid, and a little acrimonious j its aqueous 
solution, when concentrated, crystallises. The same 
acid may be forr'cd by the ac^on of nitre or nitromu^ 
riatic acid on selenium ; a solution is effected; and ^is, 
when evaporated to dry ness j affords a ’vrtiite mass of 
selenious acid, which may be crystallised either by sub¬ 
limation or in the usual manner, • 

Selemc By means of a new addition of oxygen 

to selenious acid we obtain seleniv and; and here, again, 
is observable tbe resemblance qf aelehium and sulphur'; 
for seleiiic acid f^sstsses n^ny of the pronertjes of the 
sulphuric* ftelenic acid is fiecomposiid, at so low a tem¬ 
perature as 536 ^, into felenious acid and oxygen. When 
mixed with water, it causes a consi<lerable elevation of 
temperature, just as sulphuric acid would. If to its 
aqueous solution some muriatic acid be added, and a 
plate of zinc or iron he nnmereed, selenium is reduc<fd 
in tlie form of a powder, tlie colour of wliich varies, 
'fhis precipitation, by means of a metal, correspond* 
with the pseudo-metallic nature of selenium* To form 
selenious acid, 100 parts of selenium combine with 40 
ofWygen; and with 60 to form selenic acid, 

Seleniurettedh^drogen^ —Another point of resemblance 
subsisting between selenium and sulphur is, that both 
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bodies combine witl^ hydrogeiij and form a fetid gas, 
which possesses the properties of g.n By acting 

on a comhination of scleiimm with iron or potassiiiTiij by 
rifeafta of rauriatic acid somewhat diluted^ a combination 
of hydr^pgen with selenium will be evolved in the form of 
a transparent and colourless One of its most strik¬ 
ing properties ia the cflect which it produces when even 
the sr-allcst qtiantity is snuffed up ;he tiostrils: there is 
a pain fid irritation produced, ivljjcli gradually diffuees 
itself down the throat, accompanied by a temporary loss 
of the sense of smelling,"a violent cough, and consider¬ 
able expectoration*; all of which unpleasant effects con-* 
tinue for many days. It is the o^nion of professor 

to inhale muclf^uf this gas might be a 
dangerous experiment. 

This gas, in conformity to the names given to other 
combinations of hydrogen with inflammables, is calletl 
seieniuri*Med hydro^mu ^ Its smell rcfiembles that of suU 
phuretted hydrogen. It consists of 100 parts of selenium 
combined witti 2'5 of hydrogen. It is cojjiously absorbed 
by water; and the liquid produced, like sulpimretted 
hydrogen, possesses'the proportSes of an acid, and pre¬ 
cipitates metahic salts ; it stains the skin of a brown 
colour* Selenium combines with sulphur, chlorine, and 
carbon* ‘ * 

* 

• ^ t » 

^ * Section X. 

I f 

rHosriJOJtvs* 

Tins well known substance, though sold at the low 
rate of Sjf. per ounce, is prepared by an exceedingly 
difficult process* Several methods of preparation have 
been given, all of which have their disadvantages- 
Macquer gives, from Hellot, a process which occupies 
seven pages. To make an ounce of pliosphorua, the , 
first step is to evaporate three hogsheads of fetid uiane 
to dryness* This specimen ia enough; it is not neces‘^ 
aary to describe the process further. It ia no wonder 
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that Schede^s raetliod of making^it from bone ashes 
was niiiveisaliy ^unployed as soon as discovereJ. Hut 
even this mode is wasteful and excessively troublesome. 
Hone ashesj decomposed by sulphuric acid in the man¬ 
ner hereafter describeti, are but partially acted on: inu3i 
of the bone remains tin alter e<lj unless a large "ratio of 
sulphuric acid be employed; and this excess gives rise, 
in the common process, to much trouble, toss, antyimi* 
nution of the product, ^ 

In order to obtain phosphorus, prepare pyrophos- 
phoric acid* from bone a^iesj in the manne^; hereafter 
described. It must be perfectly dry, and immediately 
reduced to pow^lcf in a hot mortar, and iiiixetl with half 
its weight of newly iilMk charcoal in fine p<^vdcr. 
earthenware retort must be in readiness, rightly pre- 
parcil; its pores mu^t have been closetl by washing wdtli 
a mixture of two parts of finely powdered borax, one of 
powdered lime, md a little water ; so that a coat of glass 
will he for met! on it during tlie incandescence of the 
vessel. It must then be evenly coated ov«: with a mix¬ 
ture of Stourbridge clay and pounded cmcihles, mixed 
witii cut tow and a little water, and allowed to dry slowly. 
The retort, cliarged wi*h the above mixture, is placed 
ill an air-furnace, with an opening before to admit the 
neck, which should have a wide'cop'tier tube, 20 inches 
long, luted to it; the other entl, to prevent ac^fis of air, 
being immersetl in a basm of wajfr so as to be barely 
covered. The belly <ff the retort is supported qn a 
brick lying on the bottftm of the furnace. The fuel, 
compactly disposed all round the retort, muKt now lie 
kindled; and the heat, kept very moderate for two hours, 
must be increased until it become fierce. Much gas 
bubbles from the surface of the water, which burns bril- 
liandy when the hubbies burst in the air; lambent lu-- 
milieus fumes undulate through the air over the water 
in a singular and beautiful manner; and at length vapour 
of phosphorus condenses in the copper tube^ which must 

* This u tJi« Bubttance that wa« fgrmei-ly called t:citL 
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occasionally be (Irawji down with a wire, and left in the 
water. This is impure phosphorus :|it will be a suc¬ 
cessful process, if the phosphorus wei^rh one quarter the 
(giantity of vitreous pyrophosphoric acitl era ployed.* 
Another method is^ to decompose bones by sulphuric 
acidj as^hereafter described; ^nd when the acid is washed 
out, it is mixed with solution of sugar of lead. The 
sed^O 0 iyit.^ or precipitate^ that appears^ is separated, per¬ 
fectly 11 riedj mixed with one sixjh of its weight of lamp- 
black^ and distilled as before directed* 

I have^nc through the process for obtaining phos¬ 
phorus very many j;imes; and may venture to statc^ that 
unless all the conditions above descAbed are complied 
wjjtj ther^will either be no pifcoel, or a deficient one* 
Phosphorus/when pure, is transi^arent and colourless: 1 
have sometimes obtained it nearly as much so as an irregu¬ 
lar mass of glass; Kieached bees' wax will give a good idea 
of newly disitilled phospliorus, as to the degree of solidity^ 
and^the manner in ivhich it cuts with a knife* melts 
at 108 'j acconling to Dr* Thomson; but this tnust take 
place under water^ for it would burn at that temperature in 
tile air* It is Slightly soluble in both fixed and volatile oils^ 
in alcohol and ether. It boils but, in a vacuum, 

evaporates gradu ally at 219 "^. 1 ts specifi c gravi ty i s 1 ' 748, 
It is capable of cry^llfsing into octahedrons, or, as others 
say, into dodecahedrons. Friction or percussion sets 
fire to it,* Tetters^or lines traced with it appear lumin** 
ous^in the dark : but there is (Lnger in the tracing, as 
the phospliorus often takes firc^ and by melting falls on 
the person's clothes, and it is almost impossible to ex¬ 
tinguish it: the heat way is to smother the flame with 
a very wet cloth held firmly pressed on tlie part. It 
may be distilled in a retort, if the air be exhauste<l: this 
method answers for purifying it from charcoal, which 
generally fouls it when finit distilled: but an easier 
method is to tie it up in a piece of glove, or alum-leather;, 
to immerse it in cold water, and gradually heat the water 
until the phosphorus melts: by pressing the leathern 
* Dr* llSggini, Mtnutea of a rhUoiophical Society, pu £54 
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bag unilcr waterj tile pliosphoTUS w^l strain through the 
pores (juite purc^ in the same way as mercury would. It 
slioukl be preserver! under water j as, even at ortlinary 
temperatures, it undergoes a alow combustion in the air- 
Phosphorus burns in common air with a briHiatit whiti 
iightj but in oxygen gas the jombustion is transceftdently 
brilliant: white fumes are’formed in abundance, which 
condense into a solid,acid. When irdroduced int^hloi- 
rine at ordinary temperatures, it takes tire alao, amrturiw 
w’ith splentlour: a smokS arises, winch condenses into a 
dry chloride* According Bachcj of Philadelphia, 

it is inflamed by powdering it witli animal cSarcoal at 
fJO°. Its combinations are very numerous* 

The compounds of pfc^plionis with oxygen have b^n 
investigate!I by several chemists of emiiftnce, but the 
knowledge of them acituired is not commensurate with 
the labour that has ^been bestowed tfli them, it is^ as 
yet, more matter of supposition, that phosphorus com¬ 
bines WLtlrO^geii so aa to formal! oxide* But it readily 
forms compounds which have decidedly acid properties. 
Three such are kiiown ; they are called, 1* Phosphoric, 
of which there are two*varieties, phosphoric and pyro- 
phosphoric add; 2* Phcjgpborous; and, 3. Hypophos- 
phorous adds. 

l^hoffphoric and PyropJwaphoricviaids .—When pboa- 
phorus is exposed to common 5ir, at its ordinary tem¬ 
perature and degree of moisture, it undera slow 
combustion, and absorb* oxygen: it is luininoua in ^le 
dark, and emits luminotwi smoke, which has a strong 
odour of garlic: the surface becomes moist, for the 
moisture of the air is abstube^l as well as the oxygen; 
the moisture trickles down; more is formed; and at 
leogth the whole is transformed into a dense liquid, of 
an exceedingly acid taste* This has been by some con¬ 
sidered a distinct acid, and it obtained the name of phos~ 
phaticOT hypopliosphorio acid* It is at present, however, 
believed to consist of a mixture of phosphoric and phos- 
phoroua acids. The higher the temperature at which 
this process is conducted, the more speedily the changes 
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talce place j and the quantity of acid will he greateTj if 
a bell f^lass he kept over the phosphojuSj the cofitained 
air beinj^ often renew'ed. In order to* convert this dense 
add liquor into pure phosplioric acidj expose it in a state 
(>f considerable dilution for a long time to the air, in 
order to absorb oxygen ; or^ add nitric adrl to it in pro¬ 
portion of one twelfth the weight of the original phos- 
ptiorus; evaporate by heat; oxygen is taken from the 
nitr^acld. When the mass is dry^, expose it to a red 
heat tor a few moments in a platinum crucible* The 
resulting substance is tlit; variety called pyrophtvsphoric 
acid, lY it be dissolved in water, .xnd the solution laid 
by for some days, it is converted ii\to phosphoric aciilj 
although not the slightest cha^^^fp has been produced in 
tjfee ekrnelits wr their ratio. 

Another process, less tedious, hut not so safe without 
great caution, is tedhrow bits of phosphorus, not exceed¬ 
ing the size of small shot, one by one, into wann nitric 
acM, waiting each time until tile efteryesce^cs^cease. The 
phosphorus should not cxceerl one twelfth of the weight 
of the nitric acid ; the former takes oxygen from the 
latter. Should the chemical action become vioient, the 
vessel must be immersed in cold Water. Wlien the 
solution is complete, it must "he evaporated to dryness, 
licatcd to rednmiin a platinum crucible, and treated as 
before. * 

A mut^^tnore economical method of preparing phos¬ 
phoric acid in the large way, yhen the ultimate object 
is \hc preparation of phDspl\prus, or when The acid is 
not required to he chemically pure, is the following; -— 
Diffuse SO pounds of powdered white bone ashes in SO 
gallons of boiling water; gradually add J 0 pounds of 
sulphuric acid diluted with 10 pounds of water, and 
keep the mixture stirring until all apparent action cease. 
Throw the whole into a cotton Bitering bag, and occa¬ 
sionally press the sides of the bag so as to agitate the 
mass, and let 10 gallons more of water run through 
to wash out the acid, Neutralifie the add liquor 
with carbonate of ammonia ; and when it clears, decant 



CHAP. I, 


P1IOSPHOHV3* 


221 


and evaporate in a leaden boiler to a small quantity* 
Pour this matter^ while hotj into a tltin glass balloon, and 
place it on sand ii a reverberatory furnace* ■ C^ontinue 
the heat until tliehottoni of the balloon is red* A hard, 
colourless, transparent phosphoric glass Avili remaiii^ 
which, by breaking the balloon, may bo easily detached.* 
This is pyrophosphoric acitf, which, by being dissolved 
in water, and laid by for some days, becomes phos¬ 
phoric acid. 

Prom all tliat has bceti ascertained on this subject, it 
would appear that phosphorig acid is only known as 
existing in the liquid state. If it be evaporwtcil, and 
heated to such a tqfnperature as maybe judged capable 
of expelling the chief j>jrt of the water, it is changed 
into pyropliosphoric acid : and the sams cITange taSfcs 
place when the geid exists in a salt combined witli au 
alkali. Although between phosphqric and pyrophos- 
phoric acid there is no known difference of composition, 
the propeittw of each arc esscHtially different. Fyro- 
phosphoric acid produces, with oxide of silver, a white 
salt; phosphor!f acid a yellow one: the ftrmer is a less 
energetic acid; it has less saturating is even 

separated from its combination a by ]jbcjsphoric acuL 
This Is another proof of*the x)osition laid down in other 
parts of this volume, that bodies of^ the same compo- 
BLtion with regard to relative*quantity and identity of 
elements, may be quite differeut as to prope^^i/^, in con^ 
sequence of some unknown differeifte in the luanner in 
which the constituents are conibiiied. The name j^ro- 
phosphoric acid is given to tliis substance, to indicate 
chat it oAves its origin to the action of fire on phosphoric 
acid. 

When phosphorus is rapidly burnt in a large vessel 
flUed with dry oxygen or common air, a white smoke 
arises, which soon condenses Into white flakes: these 
are anhydrous pyrophosphoric acid^ They are deli- 

• Dr. B, IliRjjina, Minutes of a PhUfliophicnlSaclflty, p. 9^3. Tf the acitl 
is Intended fur matnig phosphoruj. It wllf Answer in tne »tate of pvnj»hoi^ 
phork 
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qucBcent, andj of coarecj reaxlily soluble in water j they 
dissolve with a remai.kable hissing noise» Indeed, such 
ie the affinity of this acid for wateryjhat even in its 
vitreous state it retains a smaU quantity which no heat 
WjWl expel y for the compound of add and water is 
volatilised at a bright red heat, if long enough continued. 
When pyrophosphoric acid is allowed to deliquesce, it 
is converteil into phosphoric acid, owing to the lengtli 
of tihv'^^ which lapses before it is hquefieil. 

Fho!sphoi*ou^ avid* — Although it has been stated 
above that phosphorus burnt in tlic air aflPortls pyro- 
phosphoric acid, this is only true when phosphorus is 
heated to the point at which it takes fire, so a® to 

bum rapidly and with full splendour/ and when a fully 
suClcient stppjy of oxygen or cothnion air had access to 
it. But if phosphorus he heated in a glass tube, the 
orifice of which drawn out so small as greatly to 
obstruct the ingress of air, it will burn witli a feeble 
gregpish light, and became phosphorous This is 

a white, powdery, volatile substance: it has a strong 
affinity for Water, and will absorb it from the atmo¬ 
sphere, so as to deliquesce into a dense oil-like liquid. 
With one fifth of its weight of water it forms a hydrate, 
which is capable of crystallising. ^Vhen the dry,powder 
is heated in the open ^ir, it takes fire, absorbs oxygen, 
and produces pyrophosphpric acid: hut when heated in 
a close it is changed into the same from a dif¬ 

ferent cause ; for portion is deoxidated, phosphorus 
fiubliiiies, and its oxygen combined witli the phoaqdiorous 
acid. When hydrate of phosphorous acid is heate<l in 
dose vessel3, it affords pyrophosphoric acid, and phos¬ 
phorus dissolved in liydrogen gas. If phosphorus be 
burnt ^ in rarefied air, we obtain pyrophosphoric and 
and phosphorous acid, and a red suhstance supposed tO' 
be oxide of phosphorus- 

The best mode of obtaining phosphorous acid is to 
pass the vapour of phosphorus t!irough a glass tube, 
containing powdered corrosive sublimate; a limpid 
fluid comes over, which must be mixed with water. 



and, the solution heated until it is of the thickness of 
syrup* It is a combination of w»ter and pure phos¬ 
phorous acid: if| forms a white crystalline acid on 
coolinf^.*'—Corrosive sublimate is a compound 
of mercury and chlorine: the phosphorous vapoqp 
selves on the chlorine, forms a limpid fluid chloride: 
the chloride of phosj^horus if decomposed by the water ; 
the hydrof^en of the water combines with the chlorine, 
and forms muriatic acid; while the oxygf^ of th(^ater 
unites with the phoapli<y:us, and produces plios^oroue 
acid. By heating, the muriatic acid and most of the 
water are expelled; the acM rdhiains pure, anj, if suffi- 
cientiy concentrate^ will crystallise in^arallelopipcdons* 
Il^pophotfphoJ^^^ ~ Besides the foregoing two 
acids, there is this otlT?^ which contains a ratiomif 
oxygen tlian phosphorous acid. By combining phos¬ 
phorus with lime, a compound is j trod need, which 
decomposes and is decomposetl by water r the hydrogen 
forms a gaseo us compound wi^h a little phosphorps ; 
and tlie oxygen unites with the remainder, and produces 
phosphoric and bypopbosphorous acids, both of which 
combine with the lime ; the former producing an inso¬ 
luble, and the latter a Soluble compound. The phos¬ 
phate of lime being fllteiifd the clear li^^uor must be 
mixed with dilute sulphuric acid, which, having a greater 
afRnity for lime, will detach tlje fiypophosphoroua acid. 
The most remarkable feature in the history of this acid 
is, that all its combinations with alWlios and earths are 
soluble in water, • • 

^Kith regard to the rrftio in which phosphorus and 
oxygen combine to fonm the three compounds—phos¬ 
phoric, phosphorous, and hypojihosphorous acids—there 
has been much discordance amongst the statements of 
chemists. The following represents the latest results, 
the eletnentB being represented in parts by weight: — 

Hypophoaphoroiis acid consists of 4 combined with 1 
Phosphorous acid > 4 - - H 

Phosphoric acid _ _ _ 4 * . 5 
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Phosj^uretted atid p^rpho^iphuretted hydrogen> — By' 
heatillg^ phosphorus din hytlrogeiij a solutioji of a Kinall 
portion only is effected-. There art^. two coinpoutvdS;, 
consisting of these elements in clifferent proportions; 
they are cammouly called phosphuretted hydrogen^ and 
perphosphuretted hydrogen. They may both he forrnefl 
from i combi nation of plj^sphorus and litne^ called 
phosphate of lime^ which is to be prepared by heating 
sjnall^bits of 'well-burnt lime in the middle of a long 
eartheifware tube, sealeil at one end, and having a piece 
of phosphorus kept cold at the sealeil end, while the 
middle part is heated acrosL? a chafing-dish of burning 
diarcoal. When the lime is red-hot, the end Containing 
the phosphorus must be heated so at to convert it into 
v^'u>our ; this, by passing thro%^* the lime, will be ab¬ 
sorbed, and Vill form a brown substance, which is 
pliQsphuret of lime-. It is a troublesome and difficult 
process: if the ooject be merely to procure a sponta-^ 
neously combustible gas from the phosphnret of lime, it 
may be accomplished with much less difficilicy. Throw 
a piece of phosphorus into a cold crucible; and having 
heated some coarsely powdered roche-limc in another 
crucible to redness, pour it suddenly over the phosphorus, 
so as to cover it to the depth of two or three inches. 
There will he considerable infiammation, which may be 
checked by instantly filing up the crucible with sand. 
When the crucible is cold, the matter must be hastily 
taken out, and the ^frownest portions put up for use into 
a little to be well stopped. n ’ ^ 

When this substance is thrown into a glass of water, 
an instantaneous decomposition of a part of the water 
commences, which goes on for a length of time* Some 
hydrogen is evolved; but the cliief part of the hydrogen 
combines with as much phosx^honis as forms perphoa- 
phuretted hydrogen; and each bubble of this gas, on 
reaching the surface, sx>oi;taneously catches fire by 
intermixture with the oxygen of the air. A small cloud 
of white smoke, in the fonn of a ring, ascends from 
each bubble, widening as it rises, and mantling in a 
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singular and beaTitiful manner, ^his smoke ISj^white, 
becauj^e it coniaina solid pyrophosphoric acid in a state 
of minute divislnii* If tjie glass of water be intro- 
duceil under a bi^Il glass of oxygen or chlorinCj thecom-p 
busticin of the gas is more brilliant: with the forintr 
gas the flame is whitc^ with die latter greenish* but in 
citlier case thei'e should 1)1 but vary little of the phos- 
phuret of liinej as the gas^ when mixed *vitli oxygon or 
chlorine, burns witli violence. The oxygen the 
water <ieci>mposed hy life phosphuret of lime also com^ 
bines with phosphor us, auiJ forms phosphoric and hypCN 
phosphorous acids*' '* 

If pure perplitigihuretied hydrogen is to be coUectetl, 
it should be gener^t^'l»in a very small rctot^ filled^o 
the to^ of the beak witli water acidulated by muriatic 
acid : two or three lumps of phosphuret of lime must 
then be thrown in at the beak; iAidj as they sink, 
the hcak must be plunged in the mercuj'ial pneumatic 
trough. will be formed, ifrhich should be collet:ted 

in jaiSj fllled with and preserved over megiury. Much 
should never be kept in one vessel ; for there is risk of 
accidental intermixtnre*with comrr^n air, which would 
cause ttie explosion of the gas. 

^V^hon phosphuret ted hydrogen is exposed to the light 
of the suuj or is alloweil to reftiain for some time in 
vessel?!j no matter whether ovtr water or mercury, ex¬ 
cept 111 at in the latter case the change is pronuced much 
more slowly, the gas jiarU with a third of its phos¬ 
phorus, and is convert^ into tire same volume of 
pho^^iphureltefl This gas is not spontaneously 

explosive or combustible wlien mixed with common air 
or oxygen ; but, if let into chlorine, it burns ^on- 
tan cously, A very remarkable property of this gas is, 
that, when mixed with oxygen, rarefaction causes them 
to explode, aa condensation produces explosion in other 
mixed gases; or the mixture will detonate by the 
electric spark, or by being heated to 300^. Jt may he 
here observctl, that phosphuret of lime, if acted on by' 
concentrated muriatic acid, evolves pliospliurctted hy-' 

4 
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<lro^eia ; but if tlui acid is diluted^ pevpliosphuretted 
hydrogen is tlie resutt. According to ThoinsoTij 100 
parts by weight of hydrogen combine ^^ith iti of pUos- 
phoniKj to form iH^rphospbuTetted hydrogeiij and with 
lO'fififi to form )jliosphurettctl hydrogen* 

of phf}\pkortn\ ~ A compound of chlorine 
and pliofiphorus may be foriiicd by passing, the vapour 
of phos[diorus ^.through powdered corrosivti sublimate. 
TIic ial> T, which is a compound of chlorine and mer¬ 
cury, is decomposed; its elilo?\ne conihines with the 
phosphorus^ and forms a as clear and colourless as 
water; tlds is chloride of photphorUii. It is not in its 
own nature acid; but when acted on by v^^ateVj it becomes 
acid in the manner already rle^vrib^edt Jf exposc^l to 
til? air, it evaporates in smoke for the most part^ but 
leaves a little pliosphorUB, Tvhich speedily hums. Its 
■va|iouT burns at tlio candle. 

Vartihlorifie of phoftjihoruft may be formed by intro¬ 
ducing chlorine into a ilcdver proviously^^l. ’iustcd of 
airj and confining phosphorus. “ The phosphorus 
takes fire, and burns wdth a pale flame^ throwing off 
sparks ; and a whit^' substance arises and condenses on 
the sides of the receiver.” — (7>r(u;v.) This itj a snow- 
white powder ; it is very volatilej and evaporates at a 
heat l>elow tintler jjressure it may bo fused^ and 

it then crystallises into ‘transparent prisms. It acts 
violently on water^ and decomposes it: the oxygen and 
phosphor us form pliosphoric a<^idj and the hydrogen 
and‘'chlorilie produce muriatic ^cid. It is anantgous to 
an acid in many of its properties; its vapour reddens 
dry litmus paper.— {^Davy,') 

Pl^osp^inrH 9f sulphur, — rbosphorus and sulphur 
combine in various proportions, but the exact ratios are 
not known. 7die combination, if effected by heat, 
sometimes takes place with combu'^tion and explosion. 
Phosphurets of sulphur are often used for obtaining in- 
Etantanoous light: a sulphur match is dipped in the 
compound, and then rubbed on a' piece of cork, whidi 
produces immediate combustion. A better contrivance 
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U the following: — T'hrow a bit gf phosphorue into a 
small pliial^ kindle it^ and allow it to burn for about 
two seconds; tliAi extinguish it by corking the bottle* 
The substance in the phial is now somewhat red ; it^a 
supposed by some to be an oxide of phosphorus: it is 
so combustibfcj, that it spontaneously ukes in the 
air* If a sulphur match t)e clipped into it^ a particle 
adJieres to tile niay^b, and indames oi* drawin^^ the 
match out. I believe tlie following to btr the tlfSory of 
the process:—The plio^iborua continually deprives the 
air in the phial of its oxjrgeif; it isj tlioreforo^ con¬ 
tinually in an atmc^plicrc of a/otCj and it is thus pre¬ 
vented from burn^ig* Wlieu the match draws out a 
particle, tlie latter tak*' aa soon as it is lyought o^ 
of the atmosphere or axote into common *air; but the 
remainder of the phosphorus is protected from catching 
lire by the azote which surrounds it* * 


SliCTtON XL 


The substance called ^uorine has never yet been 
obtaine<l in a ilistinct form ; the assumption of its 
separate existence may^ therefore, 1>e boiiisidored an hy¬ 
pothesis, though supportetl by*the strongest analogies* 
Proviiiionally, a name has been giveq^ to it: it exists in 
the mineral called Jluo^ spar; and is caileil 
Pluor spar is otherwise called Derbyshire spar, or fluale 
of lime ; but its proper name i&fluoridtf £if ralcAum. If 
EOinc of this mineral in powder be iHstilled with strong 
sulphuric aciil, from a leaden retort, into a leaden^e- 
ceiver kept cold with ice, an intensely active fluid is 
produced* It has the apiwarance of sulpliuric acid, but 
it is much more volatile. When applied to the skin, it 
instantly disorganises it, and produces very painful 
wounds. When it is dropped into water, a hissing 
noise is profluced, with much heatj and an add fluid is 
formed/' — (Daui;*) 

Q 2 
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This substance is Mlled hydrofluoric acid, because it is 
supposed to consist oi fluorine as a basej combined ivith 
hydjo^enj to form the acid in the sarje manner as hy¬ 
drogen acidifies or is acidified by chlorine* Hydrofluoric 
acid^ thus prepared, contains no water ; yet it cannot be 
obtainetP by distilling fluor spar with sulphuric acid, 
unless the latter contain waiter. The reason that 
hydrVn^i^ is necessary to the existj:"jicc of hydrofluoric 
aciil; Ehe water is, therefore, decomposed; and while its 
hydrogen unites to fluorine, it?( oxygen combines with 
the basis of the lime pre.sent in fluor spar^ which basin 
is the metal calcium^, Such are flie opiutotis which 
were supported by sir H. Davy, and first suggested by 
Amperp. ^ 

But a different view has been taken by MM. Gay- 
Lussac and Thenml, of the nature of fluor spar, and 
of tlie changes ^^''hieh take place during its decom¬ 
position. It has been supposed, that it is composed of 
lime united to an acid, to which the naTtw^uoric lias 
been given, insisting of a base, which may be calfetl 
fluorine, and oxygen. If ^iulphuric acid l)e poured on 
this compound, it seizes on the time, and detaches fluoric 
acid. it objected to this theory, that the fluor 

spar is not decomposed by anhydrous sulphuric acid, 
the answer would he, that fluoric acid cannot exist with¬ 
out water ; and as wale/ cannot be supplied by an acid 
whicfi does not conUii^ it, neither can that acid separate 
fluoric acid from fluor spar* ljut there is ai^ther fact 
which is not so easy of explanf'rioii: although anhydroua 
sulphuric acid does not decompose fluorspar, anhydrous 
muriatic acid does, and hydrofluoric acid gas is evolved. 
But this phejiomenon becomes easy of explanation, on 
the hypothesis of Davy and Ampere, if it he admitted, 
iwth these philosophers, that to form the acid in ques¬ 
tion, fluorine combinea with hydrogen instead of oxygen; 
that the acid can exist without water; and that fluor spar 
ia a compound of fluorine and the metal called calcium,. 
Muriatic acid consists of chlorine and hydrogen : if this 
compound he ina^le to act on a compound of fluorine 
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and calcium^ a double decatupos^ion takes place; the 
clilorine coinbines with the calcium ; and the hydrogen 
combines with Ae finorine, forming hydrofluoric acid- 
We therefore^ on this view^ are able to assign the reason 
thatj ill order to decompose floor spar^ tilere must*bt! 
water in the sulphuric acid- although there neetf be none 
in the muriatic; for it is nydrogen, not oxygen, that is 
require^L * • 

According to this view, which h now genially ad- ■ 
mitted^ fluor spar is a fluoride of calcium, and not a 
fluate of lime, as the otjier^lypothesis supposes: and 
hydrofluoric acid oftn tains neither water nor oxygen; as, 
indeed, has bccir*hown experimentally by Davy* 

Hydrofluoric aci^bi«:iokcs in the air; dischar.|es 
fumes of an acid, penetrating, and suffocating nature; 
it is so volatile, that it can with difficulty he prevented 
from Kscaping ; aud so universal find energetic is its 
agency, that it is not easy to find an available material 
for couflfduj? it; lK>ttles of lead or silver, with close 
stojipers, succee'-h When anhydrous, its igecific gravity 
is 1 ' 06 : but it possesses the property of having its 
density increased by tlfe addition ef water, whicli is a 
lighter liquid: it may Jie thus brought to the specific 
gravity of D25, considerable heat being at the same 
time developed- It reddens vegetable blues. In smell 
it resembles muriatic acid- *It is most destructive to 
life- ^ 

By means of the j^owerful decomposing agency of 
galvanism, sir H. Dm^y endeavoured to resolve this 
acid into its constitiicnts. But he could only produce 
an exceedingly small quantity of a combustible gas, 
which he conceived to be hydrogen ; and of a chocolate- 
coloured powder, which corroded the platinum wire round 
which it collected, and which must have consisted of a 
constituent of the acid and platinum. 
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Flint tiaJj for a kngtii of tiinCj been suppotieil to be 
an earthy analogous in composition to the other earths. 
When (Jie inel^llic nature of the tWtlis in general was 
In progress of being ascertained^ was naturally expected 
that silicaj or the matter pf flintj would also prove to he 
a metallic, oxide. J^Lxperliiieiitj ho>#/everj failed to dis¬ 
close such a composition; on the contrary^ it has been 
shown thatj as far as iimstigatijn has befell able to reach, 
iK base is if a, nature very differert' from metallic, and 
agrees with a distinct class of bodies* It may bo ob¬ 
tained by the follo’^'ing process: — 

Lot fluor or Derbystiire spar, and glass, (one of the 
conirtituents of glass is hint,) both in powtlg^ Jbe mixed 
witli strong sulphuric acid, and heated in ii glass retort; 
a gas arises, Shich, after it has expelled all tlie common 
air, may l>e collected in the usu^) manner over mercury: 
lot a piece of metallic potassium be heated in this gas 
until it takes fire. After the dimbnstion, the potassium 
will be found coivveried into a brown matter, ’which, 
w^hen thrown into water, decomposes it, and evolves hy¬ 
drogen ; for it is a compound t>f the base of silica u’nited 
with potassium, tile latter of which takes up the oxygen 
of the water, and the former combines witli a ^Sortionof 
the hydrogen. The brown powSer must be ’washed ’with 
large and fretjnent effusions of water, and ilricd- lias 
is a compound of hydrogen, and the base of flint: if it 
be heatod in the air, the hydrogen bums ; if it bclieated 
in a close vessel, the hydrogen is expelled, and the pure 
liasis of flint remains: it is called : it very much 

resembles boron in its appearance, and in its relations to 
other matter, 

SilicUj or SHimr. aerd.—i t is silicon, that, when ootn- 
bined witli oxygen, forms tlic substance to which the 





SILICON, 


331 


several names silica^ flintj cjuaitZj rock crystal, &c. have 
Ix^eii given* But the compountfj instead of being an. 
cartlij tama ouUhto he an acid : and to obtain it iu the 
state of an acid, uo such difficult process as that just de-* 
scribed nerd be hail recourse to : all that need be ddiie, 
IS to heat a piece of flint retl-hot; throw it iffto water, 
to make it pulverisahjc; tHen reduce it to a fine jiowdcr, 
and melt it wdth dry carbonate of jjata^h in a crucible* 
Wiieu cold, throw it into dilute muriatic acl#i; 
and evaporate the solution to drynesb, AV'ash this pow¬ 
der, fir.st with dilute iiiugatia acid, and then fiTequcutly 
with water ; and jhcii dry it. This is siliciC acid: it in 
a gritty, white,^^steless ])owder* 

It neither has a^L ^dd taste," nor reddejis vegetable 
blues; it manifest??* its acid properties by •com bluing vAth 
alkalies, earths, and metallic oxides, in definite ijuan- 
titles, and with such force of affinity , that it is not easy 
to decompose the roin[jouuds, Flint glass is a salt of 
this kimh^ i* is a silicate of sclila and lead. It mif^t be 
atlmittcdj however^ that its add powerj} are not very 
decided, 

t^iJicon does not easily combine jivitli gaseous oxygen, 
although it does reatUly with oxygen solidified in ccr^ 
tain combinations^ T>!Iis, if mixed with carbonate of 
potash, arid heated very inodcrandyr it burnSj and takes 
oxygen from the carbonic acidy the silicon becomes silicic 
acid, which remains in combinftjioii with tlie potash. 
SiLieSj or iiilidc acid^is composed of equal weights of 
silicon and oxygen, , ' 

Mnofir/k'ic aetd. — Hydrofluoric acid has the pnn 
petty, which no other acid possesses^ not only of taking 
the silica from flint* glass^ but decomposing it, an (^hold¬ 
ing its silicon dissolved iu the gaseous state. In this 
case the silica parts with its oxygen; the hydrofluoric 
acid loses its hydrogen: the former is reduccil to the 
state of silicon, the latter to that of fiuorine. 7Mie sili¬ 
con and fluorincj iu this nascent state, combine, and form 
an acith It is difficult to determine which is the hose 
and which the acidifier : but it is known that the com*' 

0 4 
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pound ie an acid^ find the name of ^nosUirie acid has 
been f^iven to it. It inay Ijc readily obtained'^by ndxing 
gla^s and fluor epar, both in jinwilerj' (Villi strong gal- 
phuric acid, in a glass or leaiEeu retort, ami applying 
heat ; fluugilidc acid gas is discharged abundantly. The 
theory of its formation is obvious from the foregoing 
observations. 

This gas is very heavy ; 100 cubic inches of it weigh 
110'77 '"rains; hence its specitic gravity is 3'f>51.— 
(Davj/,) i>r, Thomson estimatts it 3*6. It product?® 
white fumes when it is dif^usefl in the atmosphere* 

This gas, when brought in contact'with water, is par¬ 
ti al ly d ec(>m]>ost?<l y and i)ecoin\ioses it,r { )xy goii passe® 
from the water to part of the ^-ilj^ion, forming silica, 
wllich is depos'ted in the state of gelatinous hydrate; 
and the hydrogen of the water eomhines with the re¬ 
maining unaltered Hiiosillcic acid, and converts it into a 
totally different acitl, called h^dr^iJIttoaiHcic aciih I'liis 
add inters into combinat?on with many hat’Cs^itK taste 
is sour. The hydrate of silica, obtained in the process, 
is soluble in water* 

The action of hydrofluoric acid on silicon, even when 
contained in glass, has been made available for the pur¬ 
pose of etching on glass. The" easiest mode is to coat 
the glass with a varnislf made of spirit of turpentine and 
wax, on which, when dry;^ the flrawing or writing is to 
be traced with a ncjdle, cutting through the varnish 
down to the glass. A margin of wax being th^ raiseit 
rounll tile glass, the hydrofluoric acid, ill luted with 
water, is to be poured on : in a few minutes the whole 
may he plungeil in water. The varnish being removed, 
it win be found that the lines traced by the needle are 
corroded into the glass ; and beautiful etchings are often 
thus executed* 
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The substance called borax has long been ^sed in 
the arts and in jtitidicine ;*but it i& only of late years 
that any thing is accurately known of itji composition* 
If borax, which hatf been mdted in the tire ai»d then 
powdered^ be heated int^heely with a tenth of its weight 
of hue powdered eh'arcoalj jn iw guii-harrel closed at one 
end, a black powder^is obtained^ wliiclj must tie several 
times washed iviti^hot waterj then Tvith muriatic acitl^ 
and finally with watir #gain. ''I'lie resultii^ ])owdet^ 
when dried, is of a'^blackish olive colon#: it coiitaitK 
fioinc charcoal: but the other ingredient is In 

this state it is sufficiently pure for ordinary experiments : 
to obtain it perfectly pme^ boracic acid must be decom" 
poseil by fotajhium. Pure borOn is an opaque^ broirn- 
ish olive powder, infusible, and not vajptile in any 
temperature to winch it lias as yet been exposed. It 
neither dissolves in no# acts upon,water: it bears all 
degrees of temperature, under fiOO°, without change; 
at about that lu!at it takes fire, and combines witli oxy¬ 
gen, If burnt ill oxygen, it Lbr(Avs*off bright scintil¬ 
lations, and is converted into V combination of boron 
with oxygen. This compound possesses the properties 
of an aciti: it is called mid^ and, when combined 

with soda, forms the bor^ of commerce. * 

^oruetc arid, — But it. is not by this process that bo- 
racic acid is procured for chemical purposes. Borax is 
a compound of boracic acid and the alkali calknl ^da: 
tliis salt is to be dissolved in boiling water, aiul ililutc 
Gulphuric aci<l is to be added \ it combines with the soda^ 
and detaches the boracic acid, which, on the cooling of 
the liquor, separates in scaly crystals: these, washed 
with cold water, are boracic acid. It is by no means a 
powerful acid; and it even evinces qualities of rather 
an equivocal nature with regard to acidity; thus its taste 
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is BCarcelyj if at all, sour: although it rodtietis litmiia 
paper, it arts like au alkali on paper stained with the 
dye. stuff‘ called turmeric* l^'ho eoloul^of turmeric paper 
U yellow; when acted on by an alkuli it is changed to 
ITrown : it lienee u^ed as a test of alkalinity ; yet 
boracio'acid remlers it brown, Jlut this substanco ma¬ 
nifests aciiLityj by combining with alkalies, earths, and 
metals, Jt dissolves in rectified spirit ; and if the so¬ 
lution be set on tire, it burns with a green flame; if ex¬ 
posed to heatj it parts with it? water of crystallisation, 
amounting to 4'J pci> ce^t. ; it melts, and then 
l)eais any*degree of heat without ftflther change, Wlicji 
cold, it is fomnr converted into a perfectly colonrlcsSj 
trans]>aren| glass, whtch remains-r^o, if it be preserved 
fiom tile bnt loses its transparency, if exposed, by 
the re-absorptioji of tlie water which it liatl IcJ^it during 
the heating, Bortix itself, when heated, melts into a 
perfectly clear glass, which is the basis of some artificial 
gcitis that possess consiflerahh^ beauty* fcorax 
nicates itsowji fusible nature to other hodios, and hence 
is used as Jioracic acid is the only known com- 

hination of heron oxygent it consists of one iiart 

of boron combined with two oxygen. 

I^'lnoborif! Fluorine and boron have an affinity, 

and are capable c5f dimbinhig; the result is an acid, 
which exists in the gaseoHs state. If fluoride of calcium 
(tluor spar) and bor^cic acitl, which had been melted to 
a glass, so as to expel its water, Jbe heated togetj^erin ati 
iroA tube, both having been reduced th powtler and vrell 
mixed, there will be a double decomjjosition: fluorine 
wiK forsake the Cdkiutn ; the calcium will take oxygen 
froni some of the boracic acitl; the latter will be con¬ 
verted into boron ; but the calcium, by oomlnning with 
the oxygen, will form lime, and this will unite with the 
remainder of the boracic acid: meanwhile the boron and 
fluorine combine, and form a transparent and colourless 
gaseous acid, which is evolved, and which lias obtaineil 
the name of Jluofwric acid, ft is anhydrous* Its smell 
resembles that of muriatic acid* 
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In t]us case^ eitlicr boron is acidised by fluorine, or 
fluorine by boron : but, perhaps, fho truth may be, that 
neither acts the \1krt of the acidifler more tlian the other* 
According; to the theory of (.lay^Lussae and Theiiard, a 
diftereirt explanation must he given* Fluor spar mllst 
then be considered a fluateof lime,—that is, fiPcombin- 
ation of lime with fluoric^cid ; and fluoric acid must 
be viewed as a comgouud of fluorine aiK^oxygcn : when 
lieated with horacic acicL, the latter decoin poses llie tfuate* 
of lime ; one part of thb horacic acid combines with the 
lime, and llie other part (j^inbinos wilh the fluoric acid, 
now detached, and ^onns a gas, consisting ofluoric and 
horacic a^'ids, th^jiame of which rauat tlierofore he, not 
fluuhoric acid, butifeid. Acco^iing to this 
theory, we sliould f-xpcct tliat, if the acid gas he paasltl 
into water, we should obtain a solution of fluoric and 
boracic acids; and this is precisely what happeiiH, for 
boraeic acid actually crystallises, Hut the fact can be 
equally well explained, hy sup'^osiiig that fluorine'and 
boron compose the acid gas; the gas, whgn passed into 
water, decompost^s a portion of that liquitr: its oxygen 
passes to the boron, and produces b(^raeic acid; while tlic 
hydrogen goes to the fluorine, forming hyilrofluonc acid* 

'I'his explanation is the one tiow generally received, 

Fluoboric acid gas is not p^ep^fretK for use hy tlie pro- ^ 
cess given above ; the best mJtliod is tu distil a mixture 
of floor spar and borax, both in ji^^wder, with sulphuric 
acid: a glass retort w^l answer for tliis purpose, as it is 
not actecl on by fluobun(b acid* The spar should be ^uite 
free from flinty matter; for if it contain it, as it gene¬ 
rally does, the silicon would be converted into fluoailicic 
acid* The gas must be collected over mercury. 

Fluoboric acid gas contains no water; yet it has so 
powerful an affinity for w'^ater, that when allowetl to 
escape into the air, or into a gas containing moisture, 
there is an immeiliate condensation of the vapour into 
visible fumes : this acid is, therefore, sonietimes used as 
a test of the presence of moisture in gases. Its spedfle 
gravity is 2^362* 7” he fumes which it produces in the 
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air are wliite, anti alpiost opaque. It is absorbetl rapidly 
and largely by water^ the volume absorbed at being 
700 times greater than that of the ivatcr; the solution 
is of specific gravity T‘77. During this absorptionj some 
b^racic acid crystallisesj and dissolves again as the liquid 
approaclAis saturation^ 1'he taste is powerfully acid. 


SECTlOPf XIV, 


To an ordinary observer it might appear^ that aD 
metals are essentially the saincj and tjfdt their difference 
of colour ajjd other properties be owing to a tinge 
rind character given to them by adventitious circum^ 
litanceSj or by a trifling ailmixture of other substances. 
The opinion is natural, and was once entertained by 
most of the chemists of that ^lay ; or, as they were then 
caJJefI, alchemists: and as gold was the nrost valuable of 
all metals, ar\d was cotisideied as the pure basis of all 
the rest, their efforts were directed to the aepuration of 
the substance, wliatcver it might be, the presence of 
■which prevented lead and otbel^‘ base metals from being 
gold. It is scarcely necessary to observe, that these 
efforts failed; the modern chemists, believing the thing 
to be impossible, have come to the matter of fact con¬ 
clusion, that when je^.ctals are of different colours, de¬ 
grees of hardness, strength, lustre, brittlenefia-^&c,, they 
are of different natures. 

Gold. — This is the most valuable of all metals. In 
a state of purity it is not generally known, as the metal 
is noA commonly met otherwise than alloyed with cop¬ 
per. The gold coin of Great Britain is a mixture of 
gold, copper, and silver. The constitution of the coin 
was flrst determined by law in the reign of Edward I.; 
23 parts or carats of fine gold, 1 of copper, and 1 
of silver, at present constitute sterling gold; or it may 
consist of 33 parts of fine gold and 3 of copper. The 
mint price of this gold, tluit is, the standard value 
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at which it issues^ is !^L 17^- lO^d, p^r ounce: and a 
troy pound of it, formerly cointll into 44J guineas, 
is now coined in^ 46 sovereigns, and 14^^ Gd. over, 
each sovereign weighing 123J grains, or more exactly 
1S^3*274. This is called gold; but Jitandr/td 

gold does not mean exactly the same. The laMer term 
ha^i more immediate referen#e to tlic manufacture of gold 
utensilf^, and takes greater latitude composition* 
Standard gold has two extremes: it may be sterling,^ 
that is, 22 gold + ctfpper; or it may he 18 gold -j- 
6 cop(>ei\ Articles seat to Golismith's Hall to be marked 
will obtain the mark rep reseating eitlker of these quali- 
tioa. Should tb^^vticlc scat profess to be sterling, and 
prove on assay not rich infold, it will be broken, 

and the mark refusttl* Should it ]3rofess«toT>e 18 carets 
fine (that is, gold 18 + copper 6), while it is really 
richer, or sterling, or even virgin gold, it will be marked 
as 18 fine* Any artiele below 18 carats will not bo 
marked; andL pure gold will ^ marked as 11 cifrat?* 
Silver may be substituted for copjjcrj jts e5ect is to 
produce grt'frt gold, as it is called* * 

The reason of adiling tliese other metals is, that pure 
gold is not the most serviceable state of the metal: a 
mixture of gold and a v?ry small quantity of copper is 
much harder tlian pure gold, anthwiH wear much better. 
It may be here observed, that*whcn any metal is melted, 
and combined with another or s^jjeral metals, the cora^ 
pound metal is calle^ alloy. Tlie property of being 
extended by mechanic^ force, as by liaminerin|^, ia 
called walk^ability* In the chapter on cohesion, many 
examples of the malleahility of gold have been given- 
The ductility of gold, or that property which pegnits it 
to be drawn out into thin wires, is conidderable : a wire 
of only diameter will support a 

weight of 500 pounds without breaking; this property 
is called tenavity, and it belongs to gold in an eminent 
degree ; but it is known that the process of drawing a 
metal into wire enhances its natural tenacity* It re¬ 
quires a licat very little higher tlian copper to melt it. 
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much higher than silver^ and greatly higher than KtnCj 
lead, and tin; hut bjf far lower than iron. It may be 
kept at a very high heat far almost auy length of time 
unaltered : Kunkei kept gold in a glass-house furnace 
fofr nearly eight months, during which it neither lost 
any weight, nor appeared chaiigecL The highest tem¬ 
perature that can i>eex:cite<l is found, however, to vola¬ 
tilise a little oj If e^iposed to the most intense 

iheafof powerful burning glass^ its surface IjecoTne#^ 
purple, owing to tlie al>sorption cT a little oxygt^u by the 
metal from the atmosjjhc^e;^ and it may l*e actually 
burned in the lianie of hydrogen UFged by a stream of 
oxygen, and converted into a purple Electricity 

does the same- 4 ^ 

*Whcn ido g;rains or parts of goM combine with 4 
of oxygen, an oxide is produced : hut tliis oxide does 
not contain the larg?st quantity of oxygen that can he 
coinhiued with gold; for these 104 grains, m a short 
time^ undergo de com posh ion; one tliird r*«bs the other 
two thirds of tlidr proportion of oxygen, and tlie part 
thus deprived'IS reduced to its original state of metallic 
gold. The gold, thus deprived jpf its oxygen, weighs 
grains ; the oxygen of this quantity, amounting to 
2 ^ grains, is, therefore, tr an starred to the remaining 
34 -J parts of oxide, *w]web, already containing 1 ^ grain 
of oxygen, will then contahi 4 grains of oxygen in all: 
but this is the full antity of oxygen which the 

original 104 grains of oxide held combined; %nd it is 
now \;ontameil in one third of that weight, or 34^ 
grains- Hence, a new oxide is the result; and it must, 
therefore, contain three times as much oxygen as the 
originsd oxide- From these facts it is manifest, that 
gold combines with oxygen in two proportions: its 
protoxide is composed of 100 parts of gold, oomhiiied 
with 4 of oxygen; and its peroxide of 100 parts of 
gold united to 12 of oxygen. 

Gold alloys with various other metals, as tin, lead, 

* BriflflOn'd Physical Principles. &c. p 20?. Rri6i>ori fplt a piece oT silver 
Lcld 4 r Uttlt above £gld iotoniwly hcateil by a burning ittn. 
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copper^ lion, mercury, &c,; tJic alloys being of more 
or less use. \inien any metal uniles ’witli mercury, it 
is said to ; and the compound is callc<l an 

ffmafjfnn: but the distinction is absurd, and without 
practical use. * 

<jo]d is a little more than It) times heavier lhan its 
bulk of vvate/; its precise sufcific gravity, when pure, ia 
Its hardness is between that of gilver and tin. 
Notwithstanding itf 3uclility, the smallest admij^ureW 
bismuth, leafi, ov antimoity, renders it brittle ; so Htllc as 
.jjth of either is suflieieiit t^j affect its ductility* 

(^oltl is found, in matures in the metallic gtaflc for the 
most part, AV'^li^i any metal occur!?, in a state of 
nature, in its metallic Jiuin, itis^aid to hc^found in 
tlie niftm .state^ But native gold is seldom i>uie, bein^ 
generally alloyed with a little silver or copper* It 
occurs in compact masses, or crysballised in cubes, 
prisms, octahedrons, or pyraudds ■ or it is fotinil in 
grains. It is found, in veins, iTi primitive mountaifis, 
although not of the ohlest formation, accompanied by 
various stones and metallic ores, * 

(jold occurs in almost all parts of the world; and^ 
althougli so generally, only in si naif i]u an titles, unless 
in the warmer regions of tllfe globe. Al'rica and America 
supply the chief l^uropean consumption* America pro¬ 
duces, aniiually, 50,000 pound# weight* About tlurty- 
six years since, an immense fragment of rock tumbled 
from one of the highest mountains of Varaguay ; and 
masses of gold, weighing from two to fifty pounds ca!h, 
were picked out of it. In the cabinet of the count 
d*Ons-en-Bray tlicrc was a speciTneu of native gold, 
which w eighed sixteen poun ds. — (lirhito »*) 11 is fsjjuiu I 
in grains, in the sands of rivers, in various parts of 
Africa, America, and even Europe. Cramer says, that 
there is hardly any gravel, in the nature of things, 
tliat does not contain gold in it."—(iJflctwWrVia.) Near 

Pamplona^ in South America, single labourers have 
collected 200^. worth in one dayj and in some 

* U !ias stated by Mi. MjIISj that IrLth gok) ja but ISL 
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partsj among^st tlie grainSj lump a weighing 72 and 13S 
ounces* In ccrtairV rivcre in Scdtland, gold dost has 
been found. At tht coronation off^Charles L, medals 
were inade of this goid^ with tliis inscription round the 
ftlge, /i’.a? fiiiTf} ut in iyco(in reperitvr. Andj irt 1539j & 
coinage of native gold was issued in Scotland* 

Ill Irelandj county of llficklaWj seven tniles vreBt of 
ArkJow, about the year 1770, there was an old schtwl- 
, miittterjj who uscil freriucnUy to entertain bis neighbours 
with accounts of the richness of their valley in gold ^ 
and bis practice was to go out hi the night to search for 
the treaaare* For this he was gfiueraUy accounted in¬ 
sane, Butj in some years after^ gold were found 

in a mountain stream, by vij'-ions persons; and, in 
^796j a- pi*C£ weighing about h&tf an ounce. The 
news of this having circulated amongst tlit: peasantry, 
such an infatuation took possession of the minds of the 
people, that every other sort of employment, save that 
of acquiring wealth by tiie short process ^f picking it up 
out of the streams, was abandoned; and hundreds of 

t-j ^ 

Jiuman figures were to be seen bending over the waters, 
and scrutinising every object there to be seen. In this 
way, during six weeks, no less than 800 ounces of gold 
were found, which sold for 3^; J5 a\ per ounce, or 3000/# 
Most of the gold found in grains; many pieces 
weighed between two aiid three ounces; tlici'e was one 
of five ounces, and j^ane of twenty-two. It conteined 
about 6 per cent* of silver. Government soon undertook 
th^ works ; but the amount of,gold found, while super¬ 
intended by the appointetl directors, w&s only 3675/. 
It then appeared, that there was no regular vein in the 
mou^ain, and that these fragments had probably existed 
in a part of the mountain which time had mouldered 
away, and which left its more permanent treasure as 
the only monument of its ancient existence. The works 
were at length discontinued. 

In Croatia, in the sands of the Drave, gold to the 
value of about l600 ducats is annually found by the 
peasantry* 
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Cold 19 said to have been detected in vegetable ashes 
and in garden manure* It enteili into various combin¬ 
ations ; we hav# its combination with cldorine, iodine, 
brominej sulphur, and phosphorus- It dissolves with 
effervescence in a mixture of nitric and muriatic acSls: 
the result is chloride of gold. Tf peroxide of gftld he dis¬ 
solved in iSuriatic acid, a«id precipitated by ammonia, a 
powder is obtained^liich detonates evenJby being rubbed^ 

Milner. — The metal next in esteem to goldf of thps#* 
that are generally kiibwn, is This is a soft 

metal, and possesses grjat •malleability; it may be 
beaten into leaves*!so thin as ixyiy^^o^ inch; 
yet this is alm(«^ three times thicker than gold leaf- 
It may be drawn* c^t into wfres tliinn^ than the 
human hair; hence its ductility is n«xt to that ^f 
gold. Its tenacity is such, that a wire one tenth of an 
inch in diameter will support a iveight of 270 pounds. 
Its tenacity is, therefore, not much greater than half 
that of gold : *but silver is a Itttle harder. Ita specific 
gravity is 10'474- In point of btilhancy, it exceeds all 
metals except el* It melts at a full red heat; and 
by a fierce and long ewtinued fire^ it may be made to 
boil and evaporate away altogether* Jn the greatest 
ordinary heats, as that of a glass-house furnace, it loaes 
but little weight, and that little ^owly. 

If kept for a long time ihelted, it absorbs oxygen 
■from, the atmosphere, and formw. a brown oxide, 10f> 
parta of silver combining with 7'-7^ of oxygen. Dr* 
Faraday has disco vereu oxide tliat consists of 4*848 
parts of oxygen combined with 100 of silver; that is, 
two-tliirds of the quantity of oxygen contained in the 
brown oxide. The singular fact has been ascertained, 
that silver in fusion absorbs oxygen, which, on solidify¬ 
ing, it parts with: ami Gay-Lussac says, that it thus 
givea out twenty-two times its own volume, and that 
presence of a very little copper destroys this pro¬ 
perty, Silver alloys with gold, iron, lead, tin, quick- 
silveT, &c.; it unites also with copper, and forms an 
allqy which, like that of gold with copper, is harder 

R 
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thaji the pure metal ; and henee copper is useil in the 
silver coin of the kirtgdonij in the ratio of 37 parts 
of fine silver to 3 parts of copper/ A remarkable 
cir^untstance attends the combination of these two 
metalSj which illustrates the principle that bodies do not 
unite in every proportion^ but in determinate propor¬ 
tions: if the two me^ls be' kept melted together for 
som^ time, and allowctl to coolj two Btrata will be 
‘loujifi^ rhie lying over the other^ and not adlieriag; 
neltlier stratunij however, is pUJ^■e, for each metal con¬ 
tains a portion of the other that portion being the 
saturating quantity. 

One pound of standard silver is -coined into 66 
shillings: it was formerly 62 shillings — ( W(ttfton') ; the 
mint price of "Silver iSj therefore^ 6di per ounce at 
present. 

This metal occiira in the native state, and alloyed 
a variety of other metals anil substances. It is 
found in all parts of the world. In 17 a mass of 
native silver avas taken from a mine near Frey burg, 
which weighed upwards of 140 pounds: anti in 1748, 
a mass, a part of f which was- ore, was discovered, 
which produced 44,000 pougds of silver- The lead 
ores for the most part contain some silver: it is said, 
that in the lead ore o!' a mine in the county Antrim, 
onc-thirlieth of the whole weight of metallic lead ob¬ 
tained is silver. Cumberland lead ore afibrds 

17 ^punces of silver from a ton,of lead.. But^ mine 
in Yorkshire, for every ton*of lead, afforded 2SO 
ounces of silver. The lead mines in Cardiganshire 
produced at one time 2000/* worth of ailver per month* 
In l604, SOOO ounces of Wehh silver were coined at 
the Tower. We are informed by Humboldt, that the 
silver mines of Mexico and Peru, in the space of three 
centuries, have produced 316,028, S8S pounds' weight 
of silver. J'hese mines afford many limes more silver 
annually, than all the mines in Europe coUectively, The 
silver mines of Kongsberg, in Norway, in one year 
{ 1769 ), produced 79 j^OO/* 
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Silver combines with chlorine^ iodine^ bromine^ sul- 
phuTj seleniumj and phosphorus. It dissolves readily in 
dilute nitric a(4dj and may iSe precipitated in the 
metallic state^ although not perfectly pure^ by immer¬ 
sion of a plate of copper; but perfectly purCj and in 
fine powdq^j by pouring into it a solution of^green sul¬ 
phate of iron. By digestfoti in liquid ammonia, oxide 
of silver acquires* the property of detonating, when 
struck or rubbed. * * 

Iron^—Wc now fomc to consider a metal with 


which none can compart^ in* point of real utility, and 
fortunately of abuSidance. Iron ii^ founrl* in almost 
every mineral pioduction. It is much harder than 
either of tlie tvro prtei^ing metats* Its tpocific grav^ 
is from 7' to and it is, tliei^cfore,* the lighhsst of 

all the useful metals except tin. It may be drawn out 
into wires of great fineness; a wire due tenth of an inch 
in diameter will support a weight of 4/51) pounds: l^nce 
its tenacity is*a little less ttian that of gold* It is one 
of the few mctalr which the magnet attjacta ; and it 
readily acquires magnetic properties, whieli, however, 
arc not ]>erinanent.*' *To melt iron requires a very 


intense heat, much higbej than either of the preceding 
metals, and, indeed/ nearly the highest that can be 
excited in furnaces. When raised to a yellow heat, it 
becomes very soft, and may tfien be hammered out into 
any shape* When the heat is 'Taised to whiteness, it 
grows so soft as to puffer even a commencenien| of 
fuflion : for if two pieces he laiil in contact at this tem¬ 
perature, and struck, they unite and form one, the 
junction being as solid as any other patf; pf the iron* 
This property of uniting, by hammering at a*high 
heat, is called ijoeiding. Iron is a very combustible 
metal; if thrown into a common coal fire, in a state of 
Alingfi, it burns with brilliant scintillations ; and a very 
thin iron wire bums with scintillation in the external 
flame of a candle. Its vivid combustion in oxygen was 


* PmtianGntly iDAgnetLc b«Ti Btq made of oteeL 

n 2 * 
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describetl in a former chapter. During the combustion^ 
the iron melts and forms into drops^ which at length 
fall down. This is preSnxide of iron : Jto form it, every 
lOp parts of tlie metal combine witli SS*572 of oxygen. 
If the protoxide be exposed to a red heat for some 
hourSj it alisorhfl half as much more oxjgen^ and forma 
the peroxide, consisting of 100 metal and 42*857 
oxyften : and if the peroxide he heated to whiteness, 
It will gi/e off the 14'285 parts of oxygen, and will he 
reduced to the stale of protoxide. The colour of the 
protoxide is black; that of the peroxide is red: hut, 
according to Gay-Lussac and Th.nard (Tmffc Ek^ 
mentnire^ trois. edit. ii. 87*), there an intennefliate 
o^ide obtaiRable by passing ste&Jii over iron wire at a 
red heat. The British chemists reject this oxide. I 
have reasons for believing that it exists: for I have 
obtained compounds which seem not to contain either 
of the admitted oxides. 

Iron, in the purest state in which it occurs in com¬ 
merce, is called wrought iron. If pieces of wrought 
iron be laid one over another, with intermediate layers of 
charcoal, ami kept at an intense heat for several days, 
a combination of iron and charcoal will take place, and 
the result will he sUel, whicli every one knows is capable 
of being maile much harder than iron : it is also more 
sonorous, tenacious, elastic, and ductile, than iron. It is 
capable of becoming i/permanent magnet: iron acquires 
only a fugitive power. The ratio of carbon nomhined 
with iron so as to form emt Btml ia 99 parte of iron to 
1 ot carbon. But these are not the only proportions in 
which they ; white cast iron consists of 100 parts of 
iron; combined with 5'26 of carbon: this kind is brittle, 
and so very hard tlmt it cannot be cut with a hie. 
mst iron is composed of 100 parts of iron, united to 
7'066 of carbon; it is fusible, and much softer than the 
preceding; the quality used for castings is of this nature 
nearly. These estimateB are taken from Thom son's ex- 
pertmente, and they agree pretty nearly with those of 
Mr. Mushet. 
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Tlius, the greater the ratio of egrbon to iron, the more 
fusible the compound becomes ; jnrt the greater the ratio 
of carljon, Tvitliin*certain limits, the harder tlie coinpoimd 
becomes: but beyond these Htuits it is rendered soi'tir- 
The relation of these three compounds^ wjth regard 
to the quantity of carbon which tliey contain, is illus¬ 
trated by the fact, that if ft slender rod of pure wrought 
iron be immersed melted cast iron, It will coin* ovi^ 
convertefl into steel, b^use some of the carboif has been 
absorbed by it from the cast iron. Wrought iron may 
be converted into steel by ignition in carburet ted hy¬ 
drogen» * , 

It has been allbady stated, thaj the diamond possesses 
the property of convetting wrought iron iirto steel, 1^* 
cause the fliamoinf is carbon* 

Iron is found in alt parts of the world. There is 
scarcely a stone, or a particle of soil, in which it may not 
be <letectcd ; it exists even in ^jlaiits, and in the human 
body. It ocAirs commonly in tlie state of oxide, more 
or less complicated with clay or stones, another metals ; 
it is thus found in veins, and disseminated in rocks. 
The sulphuret of iroif, called pyrites, is a very com¬ 
mon inincTal. Iron als^^ occurs in immense masses in 
such situations as have suggestecl idea of their hav¬ 
ing fallen from die air; they have hence been called 
fneteoric iron. Professor Pallas describes a block of 
this iron found on the top of a mountain in Siberia; 
it was said by the inhahitants to have fallen froni the 
sky; it weighed l6S0 "Russian pounds.* In Croatia, 
a large red-hot mass of iron was actually seen to fad 
from the atmosphere : it is now in the imperial Tnuseura 
of Vienna: this occurred in 1751* In South Afherica, 
a mass of meteoric iron was discovered many years 
since, which was estimated at 30 tons' weight. An¬ 
other, found in Peru, weighed about 15 tons; its ex-, 
temal surface was marked with singular intpressions, 
resembling hands and feet, and the claws of birds. In 


* Equal to avoirdupoli. 
B 3 
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the desert of Zahra, 1|heTe lies a vast mass of this kind 
of iron. In the Acatleniy of Sciences at Petersbnrghj 
there is a mass depositeilj which weighs 1200 pounds. 
In lf)20, a mass of iron fell from the atmosphere in 
the Mogul^ territory^ which weighed a little more than 
4 poumls- 

It is very singular that these masses of iron lie in 
^itua^tiona to wh'icii they could scarce'y have been pro.^ 
jected frditj any volcano ; none sucli being found within 
a considerable distance of them^ and no symptoms of 
an extinguislied volcano llavjng been discovered in the 
surrounding country. It is also a lemarlcable circum- 
atancOj that the iron in many cases combined with 
aij(>ther metal, nickelj which is aVwSys an ingredient in 
these masses, called meteoric stonesj that have been 
actually seen falling from the air. Hence, it is no 
wonder that the be’iief of these masses of iron having 
fuller from the atmosphere has become prevalent. La 
Place has has even calculated, that they ritay have been 
projected froir^a volcano in the moon*' 

Iron, when heated in chlorine, bums with a red 
light, and forms a chloride. It toinhines with sulphur 
in five tlifibrent proportions. Xt will he only necessary 
here to describe that which is frequently used for pro¬ 
curing sulphuretted hydipgen. There is some diffi¬ 
culty in preparing it in such a manner that no metallic 
iron shall remain unchanged: for, in proportion as there 
is mf^tallic iron, hydrogen will le produced #hen the 
compound is acted on by diliite''Bulphuric acid. I have 
never failed in procuring siilphnret of iron good enough 
for common <,^urposeSj when 1 observed the following 
formulh: — Mix 10 ounces of fine iron filings with 6 
of flowers of sulphur; heat a crucible to a bright red; 
andj having removed it from the fire, throw in the mix^ 
ture, A kind of combustion commences round the 
margin next the crucible, and this extends slowly to the 
centre, the ignition becoming more intense every mo-i 
ment. Xyhen it has reached ^e centre^ the combination 
is complete, and the ignidon begins to diminish. When 
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cold, tlie mass shrinlts^ and may be extricated from the 
cmcible by mere inversion. It a deep gray coloured 
with a shade of*purple. * 

Iron combines also with selenium^ silicon, phos¬ 
phorus, boron, and various metals. 

Copper — The metal, which in point general 
utility ranks, perhaps, nei^t to iron, is copper. Its pe¬ 
culiar red eolouiwiieed not be clescribed. Its s{ji£;ciiic 
gravity is very variable: on an average, i^ may in- 
said that copper, after melting, is 8*^; by hammer¬ 
ing it is increased; a f^citnen which, after melting, 
was but became fl’OSO by being haSnmered. — 

(W<i£i}<tnif iv. 57-) CopiJcr is a very malleable 

metal: it may b^ ttl'aten ont into very, thin leaves, 
by tile same prodbss as gold leaf is mBftle, and in tfSis 
state it is called Duieh It melt?! at rather a 

lower heat than gold ; at an intens^: heat, it boils and 
evaporates away in metallic fumes. When rubbed, it 
emits a sni'. d. M^lien heated in a hydrogen flame, 
urged by it hums briUiantl)^ and emits a 

dazzling green light; a piece of copper, in a coal fire, 
tinges the blaze green ; and even when melted, it emitB 
a bluish green light. ^ ^Vlien exposed to air and 
moisture, it rusts into mrdi^ri^, but very slowly with¬ 
out moisture., "Wlieu heated red-hot for some time, its 
surface saturates itself witfi oxygen, and a scale is 
formed, which is spontaneously^ietached when die metal 
cools; this is deutoxide of copper; and, to form i^ 100 
parts of copper combiin^ with 25 of oxygen. The prot¬ 
oxide, procurable by a more complicated process, con- 
sUts of 100 parts of copper, united toj2'5 parts of 
oxygen, which is half the former quantity. 'Wic per¬ 
oxide is composed of 100 parts of copper, combined 
with 50 of oxygen. 

When copper leaves are introduced into chlorine, the 
metal spontaneously takes Are, and a chloriile is pro¬ 
duced. If .copper fUings and sulphur be heated, a 
sudden and brilliant combustion takes place; and this 
happens even in a vacuum. The result is a BulphuieC 

R 4 
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of copper, Topper j^onibmes also with phosphorus, 
selenium^ and iodine. 

Copper is found in tte native state iA all parts of the 
worjdj althotif^h not in large quantities: but one very 
large mass of metallic copper is on record; it was 
found in firazilj and weighed S66f) pounds, t It occurs 
alloyed with other metals^ or iomhined with oxygen and 

acidski " 

I.md As one of the softest and most fusible of the 

p 

metals. It is easily rolled irito sheets ; but it docs not 
admit of being beaten into leaves like gold, silver, and 
copper ; nor does jt allow itself to ^oe drawn into very 
thin wire* Its specific gravity is 11*41 At a temper¬ 
ature between 60 ()^ and iV melts; at a higher 

heatj it boils and evaporates: at the heat of burning 
hydrogen^ urged bjy oxygeUj it bums with a bluish 
flame. Whim exposed to air while in fusion, and kept 
continually stirred, it absorbs oxygen, and is at length 
totally converted into an oxide. There ar4f three oxides 
of lead: the protoxide consists of 100 parts of metal, 
combined with 7'69Si of oxygen ; the deutoxide, of 100 
metal, with half as nruch more ojtygen, or 11*538 ; the 
peroxide, of 100 metal, with tj.vice as much oxygen as 
forms the protoxide, ^hat is, 15 384* ^J'he protoxide 
is known in commerce a^i a yellow paint, under the 
name massicot, or, if it be semi vitrified, litharge: the 
deutoxide is also a pamt; its colour is a brilliant red, 
iticliljing to orange: its commcrcitJ name is or 

red hud* The peroxirle is of a deep, puce brown 
colour ; its most remarkable property is, that, when tri¬ 
turated witlv#sulphur, spontaneous combustion takes 
place. ^ The peroxide may be formed by transmitting 
chlorine through water mixed with red lead: when the 
latter is dissolved, add potash ; a powder falls, which is 
to be dried on blotting paper* 

Lead is never found native* If protoxide of lead 
exposed to a sufficient heat, it melts, forms a 

beautiful glass, perfectly transparent, and almost colour-. 
leas : by far the moat common state in which it occura 
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in naturej is mineralised by sulphur. The common 
name for sulphuret of lead is gcftirna : it is abundantly 
found in all the (fuarters of the globe; most abundantly 
in secondary rocks^ but often in primary- 

Tin resembles lead in many of its properties- \Ve 
speak faiiiijiarly of varjous implements and vessels said 
to be made of tin; but wiiat is meant is tin-plate^ or 
plates of iron coa^d on botli sides with tin^ whicl^j in 
some degreej has penetrated the iron throwgliout Th9' 
use of tinning sheet iron is to prevent it from rustings 
and tile consequent destdructfon of the utensil; tin is 
much less perishable than iron when expd^d to air 
and moisture, 'flu is of a mellow silver colour: its 
softness is such, may r€'adi^y be cut with an 

iron knife. It inay be beaten out into Ibaves less thAi 
:^-j\j 7 jth of an inch thick. What is called tiu-foiJj 
however, contains a little lead- Tfh melts at a much 
lower heat tlian lead ; 440° is sufficient. Its specific 
gravity is 7'!^^5. When intensely heated, and oxygen 
supplied^ it burns with great brilliancy#^ When kept 
melted for some time at a low red lieatj in contact 
with aitj oxygen is alfi.orbcd, anil* a gray protoxide is 
produced. There are t^-^o oxides: the protoxide cojt- 
sists of 100 parts of tin combined with I3'793 of 
oxygen ; and if the protoxiflc be*considerably heated^ it 
lakes ffrcj bums like tinder, absorbs a new portion of 
oxygen, and forma the peroxiile'^'consisting of 100 parts 
of tin and 27'5S6 ofrfjxygen, or double tiie quantky in 
the protoxide. * 

This metal combines with chlorine, iodine, bromine, 
phosphorus, sulphur, and fluorine. 1^alloys with 
several metals. The coat of tinning which iS^gWen to 
the inside of copper vessels, is, in fact, a mixture of 
lead and tin ; and the use of it is to prevent the copper 
from coming in contact with the food prepared in such 
a vessel, which might be otherwise impregnated with 
that poieonou? metal. Although lead itself is a poisonouB 
metal, it is singular that the presence of tin renders it 
innoxious ; the reason of which is^ that tin prevents tha 
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lead from dissolving. I’ewter is composed of lead and 
tin; and on aecount^jf the presence of the latter, the 
former is rendered safel Tin generally occurs combined 
with oxygen, ill a crystalline foririj in veins traversing 
primitive rockfi- It is found in many parts of Europe^ 
and in ali quarters of; tJie globe* It does^ not appear 
that tin is ever found in the r^ative atate^ unless we rely 
on t^ie testimony of Matthesius. Cramer afKrms^ that 
'' English tin is the best of all ; for its ore ia, of all tin 
ores, that which is less defiled witli iron/’ The first 
exportation of tin from Engliwfid took place 2200 years 
ago, ^ ^ 

Zinc. — This metal, although enter*ng into the com¬ 
position of one of the best knowir of all metallic com- 
pt)unds, is, itwjlf, very little knc^wii to the generality 
of persons who have not made these subjects their study: 
when combined witii copper, it forms that useful sub¬ 
stance, brasfi. Zinc is of a bluish white colour ; its hue 
is intermediate between that of lead and tiii. Its specific 
gravity is abg.:;tt 7? or very nearly the same as that of 
tin^. When heated, it enters into fusion about or 

700^ : at a higher rate^ it evapchates ; and, if access of 
air be not permitted, it may b<j,diatille(l over—by which 
process it is rendered purer than before, although it is 
not perfectly pure, ' When heated red-hot, with access 
of air, it takes fire, burns with an exceedingly beautiful 
greenish or bluish whitb flame, and is, at the same time, 
converted into the only oxide of ^(inc with whiclf we are 
acquainte<l, consisting of 2.'i'53 parte of oxygen, com¬ 
bined with 100 of metal- It is, when cold, a fine 
white powt^t, like flocks, and so light, that it was 
formetlyicalled phUoitophicai vjooi and white nothing* At 
cownon temperatures, zinc can be extended but litde 
ui1%T the Itammer ; but, at a heat a little above that of 
boiling water, it may be rolled into thin sheets with 
facility, or drawn into wire, although it will not form 
thin wire. At a temperature midway between this heat 
and its ineUing point, it becomes so brittle, as to be 
easily reduced into a fine powder* 
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2iiuc is fount! m all quarters of the glolie : it occurs 
in Great Britain and Ireland, a4odated with kadi it 
ia ^never found ftativcj but is met in combination with 
oxj^gtiUj sulphur, &c** It combinee witli^ and is ae^on 
fire by, chlorine: it enters into union with phosphoruB, 
sulphur, sej[emum, iodinej and various metals, 

Meywif ^—However eisily melted some of the pre¬ 
ceding may be, tljfrc is one metal which exceeds ttein, 
and all others, in fusibility: this is quicksii’per, or, a*' 
it is called by chemists, mercury : so fusible is it, that, 
without the aid of art, w<* nefer see it in any other state 
than that of a liquid. Vet, when mej^cury iB*reduced to 
a very low tem^Jirature, it freezes, or becomes solid ; 
and Uien it may Uh Ait with a "knife, or beaten out a 
little by the hanfiner. Its malleability is, however, 
very limited. The freezing of mercury has been known 
to take place, in very cold climates,* spontaneously, and 
without any artificial process: it was witnessed by 
Pallas, at KrjsnojarJc. This metal, in freezing, con¬ 
tracts very much hence the mercury ofig thermonieter 
does not indicate the true freezing point when it becomes 
solid. On such occa’&ions, it ^lias sunk 600 *^ below 
freezing. Its freezing j^pint is discovered by allowing 
a mass of frozen mercury to liriuefy slowly when the air 
is very f;old: during this i^cess, k thermometer im-* 
merged in the mercury will steadily stand at about 40^ 
below zero, which, of courtse, is the real freezing point4 
The temperature at which it boils and evaporates ia^60'^ 
of Fahrenheit's thi#molneteT, It may be readily dis¬ 
tilled over. Its specific gravity at 60^ is 13*568. 

Mercury combines with oxygen in - twt^roportions: 
to form the protoxide, chemists seem agree<l tlfttt 100 
parts of metal unite with 4* of oxygen; and, to 
peroxide, the same quantity of metal unites with 
as much oxygen, or 8* By keeping mercury at its 
boiling heat for a length of time, in contact with air or 
oxygen, its* vapour combines with the oxygen, and 
forme the peroxide; hut it ia a very difficult matter to 
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obtain the protoxide in a state of purity. This metal is 
not altered by exposiSre to air, or moisture, or both. 
It combines Tvith chlorine in two pVoportions: ^Jle 
chloride, comm only called mhnwtl consists of 100 parts 
of mercury, united to 18 of chlorine; the perchloride, 
called cnrmvirfi i^uhliTnatp.^ of the same quantity of mer¬ 
cury, with 36 of chlorine : it is af violent poison. Mer¬ 
cury^ also combines with iodine, bromine, suljjhur, and 
iiuorine, i 

This metal occurs in the native state, or amalgamated 
with silver, or combined wi‘.h sulphur, constituting 
cinnabar. It is pifoduced in South America and Spain 
in great abundance. But, perhaps, the greatest quick- 
Btlver mine in tlie world is that'of Idria, in Carniola, 
if has been at work for more than three centuries: its 
average produce, during four years, was al>out 366,000 
pounds of mercury; it employs, in all, about 1000 men. 
TJiejore raised affords beyer than 8^ per cent, of metal i 
but mercury in the metallic state is found abundantly, 
sometimes is^'ing from the rock in a streany; and, in 
this way, S6 pounds have been collected in six hours* 

Platinum, h— This is a luetaT which, of all others, 
poflsesscB properties the most useful for the constniction 
of vessels of all sorts^^ and for various other purposes* 
It will not melt in tlye heat of our most powerful fur¬ 
naces,— a property of much importance, hut of the less 
value, aa it prevents ffie possibility of casting it into 
different forms. Even this defect "a nearly countervailed 
by tfie property which, like iroti, ii possesses, of weld¬ 
ing ; two pieces may thus he united, by laying them in 
contact and^ Hammering them while they are raised to 
an intense heat. It does not rust or corrode when ex- 
pc|^ to air or moisture; and if heated in the hottest 
fiQKce, it comes out bright and untarnished. Notwitb- 
■tanding all these advantages, platinum is of little use to 
mankind^pr its price is just as high as its properties are 
valuable Wienoe its limited employment in the arts. Its 
colour is white like silver; its specific gravity b 21'4-71 
it has been drawn into wire so thin as of ah 
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inclij but only in short lengths, and not very perfecti 
The number of its oatides is not J^greed on by chemista; 
£ere arc probab^ four* • 

I'liere is a form of* this metal which possesses some 
cxtraortlinary properties ; it is called sponf^y platirilim. 
It may be prepared by dissolving platinum ir^ mixture 
of nitric arid inuriat^^ at^da by beat: to the solution 
must be added solution of muriate of aiymonia, while it 
continues to precfpitate any thing ; tlie precipitate, fipi 
tered off, must he washed with water, and dried in the air. 
If a small quantity of this powder be heated in a candle, 
it will become incan|lescent, as if it took fire. *lt is, when 
cold, fit for usOt^ If a Jet of hydroj^en, from a tube of 
very slender bore,!)«(lireeted on ft from a little distence, 
the metal immediately becomes Ted-hot,*and it sets* ffre 
to the hydrogen, Thia may be repeated a great number 
of times; but the sponge at last l*ses its power: the 
smaller the quantity, the aooner its power is lost. The 
lower the hea, to whicli the pbwder was exposed in the 
can<Ue, consistent!;, with producing iiicay;^descencej and 
the shorter time the heat was applied, !he longer will 
the spongy platinum oiitinue to ^produce tlie pheno^ 
inenon, and the more certainly It will act* The cause 
of this effect is not knowtl. 

The combinatioiis of platinunT with metals anti other 
simple substances are very nihnerous« 

This metal miybe obtained in a variety 
of ways : the simplest^ is to abstract oxygen from potash, 
by exposing a mixture of dry carbonate of potaah^witli 
half its weight of njcently burned charcoal, to a strong 
heat in an iron bottle coated with Stourbri^;e cLay, and 
having a pipe proceeding from the bottlef^ c(mtrj¥ed 
that it can be kept cold with ice, and the air exclu^d. 
Potassium distils over, which condenses into a 
metal* Its colour, when it is newly cut, is white, like 
that of silver, but it rapidly tarnishes in the air: to be 
preserved from change, it must be kept unddlMaphtha; 
that substance not containing any oxygen. It is a con^ 
^uctor of electricity; ita specific gravity is 0'865, water 
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being 1*000; it^ therefore^ although a metalj is lighter 
than waterj and swirtjs upon it. At ortlinAry temper* 
atures, it may be mouMed by tlie fingira; at it is 
brittle; at it meltK perfectly ; and rises in vapour 

in t heat a little below that of redness. When thrown 
upon wattrj it acts with great violencej swims upon the 
surface, and burns with^ a hej^ut^ftil white and retl light 
mixed with violet; and the water is ^pnd to he alkaline. 

inflaar^a when gently heated in the air, burns with a 
red liglitj an<l tlirows off altalind fumes. It burns spon¬ 
taneously in chlorine, with iii^pnsc brilliancy. 

Oxygen*combines with potassium in two proportions: 
the protoxide is tliat which m formed^vhen the metal is 
thrown into water, and whichcxiets^in common potash; 
i# consists of ItOO metal and 20 oxygen. The peroxide 
is formed when potassium is burnt in oxygen ; it con¬ 
sists of ICO metal,*and three times as much oxygen as 
in the last, or 60, When thrown into water, this per¬ 
oxide gives off 25 i>er cent, of oxygen b}t eftbrvescence, 
and is reducer^to the state of protoxide. 

What chemists call caustic potash, is a hythrate of the 
protoxide: it is generally prepaid by depriving pearl- 
ash (common potash ignited) of its carbonic acid by 
means of hydrate of lime, botfi being diSiised in water ; 
the Hoiution, being filtered, is to be evaporated, and the 
pure alkali diesoived away by alcohol. But pearlash 
always contains comTn6n sea salt; consequently, the 
resulting alkali will contain soda, ^To remove this 
of efror, 1 varied the process, a fe\^ years since, in the 
following manner; —Dissolve the salt sold by druggists 
under the ua^eof bicarbonate of potash, in the Emallest 
posaihl* quantity of water at 100“ temperature; decant, 
and expose the solution in a flat dUh before the fire: in 
ft Bw hours a crop of crystals will be obtained, which 
are to be separated from the mother liqupr, and rinsed. 
The crystals are next to be boiled with their own weight 
of hydrate of lime and water for fifteen ■ ftftor 

due subsidence, the clear liquor is to be poured off. This 
is solution of cauatic potaeh, which, having a powerful 
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affinity for carbonic acid^ is to be carefully preserved 
from the air. — (ZJu/j/Ik Journ. L 48,) If it be 
required in the qplirt state^ it mlist be boiled down in a 
silver or bri^rlit iron vtsselj and out of contact with the 
air. If solid potash be applied to‘the surface of *thc 
body^ it destroys the part, and forms an f^char: it 
changes vegetable bluef to^grecq, except litmus ; and it 
changes vegetabh* yellows to brownish nfd ; it is soluble 
in water or alcohol. When nitre has lieen heated untfl 
totally decomposedj witli a view of obtaining oxygen^ it 
is not potash that reinaiq^^ ai was commonly supposed^ 
but peroxide of potqfisium. If it he kept for^ length of 
time at an obscuiig red beat only^ it fs not perfectly de¬ 
composed, hut is changed into a^alt called hyponitrite 
of potash. * * • 

PotuRsium combines with hydrogen, and forms a gas, 
which spontaneously burns when let to pass into the air: 
it is always formed when water is ilecoinposed by,this 
metalj and it imnis on the surface ; or when potassium 
is strongly heated hydrogen. When potassium and 
sulphur, or phosphorus, arc heated togemer, even in a 
vacuum, they com bine,*^vith the jthf noinenon of brilliant 
combustion, and form snb>huret anti phosphuret of po¬ 
tassium both of which burn when heated in air. When 
sulphur and pearlaahes arc heate*l, the result is chiefly 
sulphuret of potassium ; the <&ygen of the potash .being 
abstracted by some of the sulphur, and carbonic acid 
expelled» If potassimn he introduced into chlorine, a 
brilliant combustioi^klies place, and chloride of* the 
metal is formed. If burns in sulphuretted hydrogen, at 
the same time combining with the sulphury it bumfl algo 
in hydrofluoric acid, forming fluoride or potatsium; 
aifti in fluoboric acid, forming fluoride of potassium, 
boron being liberated. If heated in carbonic acid 
it burns, takes oxygen from the charcoal, and the latter 
is precipitated: it absorbs cyanogen gas, becomes red* 
hot, and forms cyanide of potassium ; it also takes oxygen 
from boracic acid, and leaves boron. 

’ Sodium ^—This metal may be obtained by any of the 
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processes which afTord patassium. In many of its cha¬ 
racters it resemhlcfl potassium; it is as white aa silver, 
has great lustrCj and is a conductor of electricity. It 
fuses at about SiOO^^ and evaporated at a strong reil heat: 
its*^specific gravity is 0'972. When heated strongly in 
oxygen or chlorine, it burns with great brilliancy* When 
thrown upon water, it effervesces violently, but does not 
inflame; it sw^ns on the surface, gradually diminishes 
'»with greft agitation, and renders the'water a solution of 
soda* It acts upon most substances in a manner similar 
to potassium, hut with less energy; it tarnishes in the 
air, but more slowly; it then absorbs oxygen. Like 
potassium, it is best preserved under naphtha. Tliere 
are two oxides of sodium : the protr^tide consists of 100 
ihctal and S.Si oxygen ; the peroxide, of 100 metal and 
50 oxygen. 

The protoxide, tombined with water as a hydrate, is 
the caustic soda of chemists ’ it may bo formed from 
the bicarbonate of soda, IJy a process similar to that given 
for caustic potash, ancl may he solidiiied in the same 
inanuer. Sodium hums in chlorine, and forms chloride 
of sodjum, or common culinary salt. It combines with 
sulphur and phosphonjfs, occasioning similar phenomena 
to those presented by potassidhi; but the sulphuret and 
phosphuret of sotlium^re less inflammable. 

I^Uhium* — Of this ntletal very little is known; it 
exists in several minerals, and its stony origin is indi¬ 
cated by ita name. The minerals called spodumdne and 
petaiite afford it in small quant]ty\.rlte basis was proved 
by Davy to be metallic: its protoxide is the alkali called 
Hthia. Its solution In alcohol, in burning, emits a red 
lightit has a very acrid taste; and, in some respects, 
acts aa a caustic. It does not deliquesce; and it dis,, 
solves sparingly in water, whether hot or cold: a red 
heat melts it. It absorbs carbonic acid from the air : it 
reddens vegetable yellows; it is not volatilised by a white 
heat The chloride of lithium is deliquescent and soluble 
in strong alcohoL Litbia has considerable neutralising 
power: it forma a sulphuiet, which, when decomposed ' 
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by aciilsj affords tli^ same products as sul]jhurots of 
otlier earths and alkalies. account, it appears 

that lithia acts as ^ kind of conneoting substance Iwtwecn 
the earths and the Uwo alkalies, potash' and soda: at 
iirst, indeed, it was mistaken for soda. U exists*in 
petalite in the very small ratio of *5 to 7 per c*nt.; and 
in sped uni 8. Lithia cuuaistS of 100 parts of the 
metal lithium^ eo'nliined wfth iSS of oxygen. 

Caleiimi. — Ou€ of the most useful and gene?allp 
known of the earths isdiine, the burning of wliich has 
been already described, liy njeans of galvanism, Davy 
succeeded in separating \ro\n it a metal possessed of 
moderiiU" lu^^tre ; jjut in such small qii&ntity, that it was 
not possible to make^sv^cient exjj#riments on it; to this 
he gave the nam«^ minnm^ VVlieii hea^d in contaiJi 
wdth oxygen, h takes tire, and forms an oxide, which is 
lime: but there is also a peroxide *>f calcium. l*ure 
lime is tasttleas, and in^hible in water: it readily ab¬ 
sorbs water poy,ed on it, Rweilh, heats, bursts, and is 
converted into hydrate of lime, commonly called slak'ed 
lime ; it has now acquired a taste ; it is sofftble in water, 
and the more so if tlie ^vater be cold. The solution is 
called lime-water ; its taste iasty|rtic* followed by siveet- 
ncss. Lime-water made "tn the cold, and, therefore, 
saturatcfl, deposits hydrate of hmq if the water be raised 
to The alkaline prof^rties of lime-water are 

powerful, ami it renders vegetJfele yellows brown. If 
exposed to carbonic acid gas, or to the atmosiibere con¬ 
taining it, the lime^^rgbines with tJm carbonic Stid, 
becomes insoluble, tit compound precipitates, and ivater 
remains: the water is expelled from hydrate of lime by 
a red heat. It is possible, but difficult, to^oenr^ lime 
in erystals, by evaporating lime-water at ordinary lem- 
jteraturea in an exhausted receiver* Every one knows 
that slaked lime, mixed with siliceous sand, and water 
added, constitutes jmrtar^ a cement for building. The 
harileniiig of mortar has been supposed chiefly to dej)end 
on the absorption of carbomc acid, and the re-conversion 
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of lime into carbonate of limcj which is excce (lingly 
hard, as appears in the instance of limestone, I btJieve 
the tlieory to he, that some of the ^liceous matter 
actually diaPol^^ct^ hy the caustic Innc into a paste; and 
thsft such particles of the silica as do iKJt dissolve en¬ 
tirely, eii^rr into combination by their surfaces, the 
compound surfaces holding tJic heterogeneohs matter in 
a state of firm cohesion, I’liis, at least, accounts for the 
f'tony liardness of mortar in the interior of thick old 
walls, ivjicre carbonic acid could scarcely have penc- 
traLcd^ and where it appor^rs not U) have been absorbed, 
at least iin sufficient quantity, by th^ fact that it scarcely 
etfcrvesccs when treated with acids, Jieside the use of 
lime in making raorta/, it is of (i5j:t(ansivc utility in agri- 
'■tiAltnre, for improvin'^ the quality ofJatitL 

J-fime is best jjrepared for chemical purposes by in,% 
tensely heating prre white marble, so as to ex[>e] its 
carbonic acid, (Chlorine decomposes litiie, when assisted 
hy Tieat; the oxygen is t'xpdied from the calcium, and 
the chlorine takes its place, but in double the volume: 
the new conifrouiirl is r /t/orh/c of udehim^ — a roniarkably 
deliquescent substance. Lime ?,|so comhiiics with chlu- 
^ fine hy a very weak afunity, as is always the case where 
the latter combines with a meUtllic oxide; chloride of lime 
is produced, — a salt chierty ust*i1 for bicaching. There 
is also an iodide of lime, (Jaleium combines witli sulphur, 
phosphorus, and bromhic. Lime, or protoxide of cal¬ 
cium, consists of 100 parts of calcium, united flith 40 
of tiStygen* The peroxide cotiita.T\s calcium 100, oxy¬ 
gen 80. 

Mafffififfiim. — The employment of magnesia in me¬ 
dicine;^ has 'Tfenclered it universally known, and beyond 
that use it contributes very little to the wants of man¬ 
kind* The source from which the chief supply of 
magnesia was formerly derived was the sea. If sea 
water, sufficiently boiled down, be rnixe<l with pearlaah, 
a white powder subsides, which, when washed, is a 
combination of this earth with carbomc acid derived 
from the alkali. There is a mineral called magnesian 
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limestone^ consisting of carbonic acid, limCj and mag* 
nesia ; and from this we now obtain abundant supplies. 
When the combijjiation of magn*Eia with carbonic acid 
is exposetl to a red tiieat, the carbonic acicl is flrawn 
oft, and magnesia is loi't in a state of purity, Duflng 
tins ignition^ the magnesia appears much hott«r than the 
fire in whi<^ii it is heated; a bright white light is emitted 
by the earthy apparently fif' the phasphojfic kind. This 
phosphorcRcence bittends the ignition of sojpe othc4 
earths also. If a little* magnesia, which has been thus 
ignited, and still reinaitis a Uttle warm, be placed in a 
saucerj and a Uttle (jxceefTingly strong sulplnvlc acitl he 
poured round the edges of the sauc&r* tilere will be a 
hissing noise prodweet amt sparIfs and flatshcH of bright 
white light will be emitted from all par|H of the maff- 
nesia. Jn the heat of burning hyiirogeii, urged by 
oxygen^ this earth is fusible, hut» not in any lower 
degree. 

The basisbf this earth has llt'en proved to he a metal; 
It has been obtaim l in brown scales,^which, when 
rubbed against agate, leave a metallic sta!u of a leaden 
colour. If this inetal„vhicli is called magnesium, be 
strongly heated, it burns with a*red light, and is con¬ 
verted into oxide of ina'ftneaiiiin by combining with 
oxygen ; this oxide is magnesia. Or, if magiiosiuin ht^ 
thrown into water^ it sinks, ^owly cfFervesces, anil be¬ 
comes covered with magnesia, 

When magnesia is heated strongly in chlorine, tlye 
oxygen is displaced ^ fho chlorine, and a cliloriSb of 
magnesium is formJu. If the vapour of }>otassiuni be 
passed over ignited chloride of magnesium, the metal 
magnesium is separated in brown scales. * 

Aiuminttm. — The earth alumina, when pure, is a 
fine ttight powder of brilliant whiteness; it does not 
dissolve in water, but soaks it with avidity, and retains 
it, forming a mass, which is so ‘ductile and tenacious, 
that it can be moulded into any form. I'his paste, 
when heated, becomes exceedingly hard; and it is on 
account of those properties that alumina is always the 

s 2 
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basis of every kinfl of pottery. WheJi a mass of alu-' 
luina is heatedj it shrfijks in bulk proportionately to the 
intensity of tlic lieat j 'bencOj it has bpen einpioyetl as a 
kind of thermomcterj or rather pyroinetorj for nujasur- 
in^ high heats, which would destroy an ordinary ther¬ 
mometer.A gauge is used for detenniiiing the amount 
of the con traction. 7'he contraction of alumina has 
been supposed fa he an exception to the general law of 
^•iie expansion of solids by heat; hut it may be only 
apparently so. During the heatings water^ which kept 
the particles at a certain distance asunder by its affinity* 
is expellcL^ and not luOy without a white iieat: cohe¬ 
sion may then take place the more strongly* so as to 
bring the particles nearer togetht^T f hut they may not 
a{>proach so closely to each other as the antagonising 
force of calorilic repulsion were not at the same time 
acting. Tlius eximnsion may actually have been pro- 
fluced by the heat* although it is disguised by the 
greater ratio of contraccion* owing to loss of matter 
(water), and consequent increase of cohesion* now more 
energetic, because not obstructed by affinity. 

Alumina is tasteless and inodorous; but tf breathed 
upon, it acquires a siiiell distinguished by the name 
varth^. This earth, in a stateparity, may be obtamcd 
from alum purified bj re crystallisation. A solution of 
such alum is to be mixed with deliquesced pearlash in 
excess ; the precipitate which appears ia to be s^arated 
by the filter, iveil washed, dissolved in dilute muriatic 
acidand again precipitated by,li^^dd ammonia* The 
precipitate w'eil washed* coUecteil* aind intensely heated^ 
is pure alumina. 

By causing potassium to act on chloride of alumL* 
uum, the basis may be procured in the metallic state ; 
it ia called aluminum* It is obtained as a grey powder* 
which* under the burnisher* assumes metallic lustre. 
When heated red-hot in air or oxygenjitbums splendidly; 
oxygen is absorberl; and an oxide is produced* which is 
alumina. It is excessively hard* and even capable of 
cutting glass* The metal is not acted ion by cold water ; 
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but at a bpilinfT heat it effervesces in a slight degree* 
This metalj like iron^ is a non-cflnd^ictor of electricity 
■when reduced to 40 imite |iarticles* When the metallic 
powder is thrown into the ffame of a candle, it scintillates 
like iron burning in oxygen. Oxide of aiuminunf or 
alumina cojisists of 100 parts of aluminum,•combined 
with 8 of oxygen,^ Aluminun^ combines with chlorine, 
phosjjhorus, sulphur, aiul selenium, • 

Ghirinum, -— fhe metallic basis of the ea^h called 
glucimim may hv. separated by the same means as the 
basis of alumina. It is^a vtry dark coloured powder, 
■which requires thep burnisher to produce Us metallic 
lustre. It is calWl glucinuin. When heated in air or 
oxygen, it burns bflllmndy, and IifFords the oxide, 

tJlucina is a soft, tasUrless, white xiowder, which, whtli 
wet, is somewhat x^astic like alumina. It neither dis^ 
solves in w^atcr, nor melts in the fir« Like alumina, its 
salts have a sweetish taste- anti both of these earths^are, 
in this respeci?, oppo.'^ed to magnesia, which, with acids, 
affords salts of a bitter taste. Glucina i%of rare occur¬ 
rence in minerals ; it has not been converted to any 
use, and therefore neetkno further J)e described* Oxide 
of glucinum consists of 100 metal and. 44* i4 oxygen ; 
this compound is the earth glucina. Glucinum com¬ 
bines willi chlorine, x^hosphortis, sulphur, selenium, 
iodine, and bromine. 

lia riant. — By a complicatetl process, sir H* Davy se¬ 
parated a metal from^is earth, which he thus describes: 
— It appeared of a*flai4c gray colour, with a lustr<? 1 nfe~ 
rior to that of caft iron* It was considerably heavier 
than sulphuric acid; for, though surrourulpd by globules 
of gag, it sunk rapidly in that fluid* It instafttly be¬ 
came covered with a crust of baryta (protoxide of ba¬ 
rium) when exposed to the air, and burnt with a deep 
red light when gently heated* When thrown into water, 
it effervesced violently, disappeared, and the water was 
found to be a solution of baryta. 


* ThamBan, Firpt Print L 318; 
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There are two oxides of harium : tlie protoxide is 
formed in the Triajinfr just described; and if this he 
heated iti oxygen gaSj 1. quantity of tliei gas is absorhedj 
and peroxide of barium is prodii<!ed- 

ftaryta may be obtained from the very common mi¬ 
neral sulphate of barytes, by heating its po^'^der, mixed 
with charcoal powder, whiteness ; dissolving the mass 
thus produced ki water; adcfing nitrje acid; iilterjng; 
b vapor at ing until, on cooling, crystals form ; and heating 
these crystals to rcihiess for a length of time in a pla¬ 
tinum crucible. What retiiains in tlie crucible is prot¬ 
oxide of barium or baryta. It is i gray powrler- J 
absorljs water like quickUme, and sla>:cs like lime^ and 
soinctiines emits light' in slaking*jtlst as lime in large 
anti ties doe?^ A hydrate of baryta is thus produced^ 
Tvhicli dissolves in water ; the solution is called baryta 
water; and the earfh may l>p obtained from it in crystals 
by qvaporating the water, or by the cooling of a satvi- 
rated solution. Baryta water rapidly attracts carbonic 
acid from tb(v air. aU the soluble compounds of ba¬ 
rium are poi^nous in a high degree. The protoxiilc 
or baryta consists of 100 metaP and 11*7^4 oxygen ; 
the peroxide 100 +25*029^ Barium combines with 

clilorinej sulphur, phosphorus, and bromine. 

Sfrortfhtm, — The earth called strontia so much re¬ 
sembles baryta that thej were once oonfoundeil* Kir 
H, Davy, by the same means as he obtained the mptal of 
baryta, obtained also that of strong?a. The metal stron¬ 
tium*' resembles barium in most- oVVits properties ; and 
there are two oxides of strontium which in ay,be obtained 
in the same manner as the two oxides of barium. The 

4 ■ 

protoxide is the earth calleil strontia ; and it may be ob¬ 
tained from the mineral called sulphate of strontia, by a 
similar process to that for preparing baryta* Certain 
compounds of strontium possess the property of tinging 
flame of a deep rose-colour: the use of such compounds 
in theatres is well known for procuring red light- One 
humlred parts of the metal Htrontium combine with 
of oxygen, to form protoxide or strontiaj and 
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with to form peroxicio. This metal combines 

with chlorinej pliOb[>horus^ and si^phur. 

yitrmnu — Mt^t of the salts of this earth are sweetish 
to the taste; ami two of them are of an amethyst colour. 
When yttria is melted with a proper quantity of boftix, 
it forms a transparent f^luss; but it is opatfie^ if the 
Kpiantity of*borax he too great. ' Ey heating potassium 
wnth chlorifie of ittria, tli/metallic basi^' of tire earth is 
obtaineiL The metal is procurctl in iron gr}y sealeSi 
If heated in oxygen oi*common air^ it burns brilliantly; 
and an oxide is formed, whiali is the earth ittria. But 
the metal is not oxidated by w'ater, even if bwiing, I'he 
oxide is insolnblt; in water, tastelesS, and white^ and 
seems to have sulh^cd a commeiflcement of fusion. It 
lias no action on wsgetablc colours, Cai^tic alkalies dp 
not act on ittria, but it is dissolved by solution of car¬ 
bonated alkalies. An intense heat 4s necessary for its 
fusion, Vttriuwi combines wiLl\ chlorine anti the com¬ 
bustibles, • * 

Thorhium, —Tills is a newly diseover^ metalj wliicli 
may be obtained hy a process similar to tbat for obtain¬ 
ing ittriuin, it is of «. leaden gray colour^ heavy, and 
under tlio burnisher sliowa metaWic lustre. Water (loes 
not act oil it. The oxiiTe may be formed by heating 
the inetal in common air; it bui'ns brilliantly ; the re¬ 
sulting snow-winte oxide is the earth called ihorim. 
Boiling caustic alkalies do nof'act upon this earth; mu¬ 
riatic acid dissolves it readily ; sulphuric acid has much 
less action on it, a tfl iiitric scarcely any, Thofinumj 
when heated in vajlour of sulphur, bums, 

Zi rmnitim. ^The earth called zirconia is a harsh 
wliitiah powder, without taste or smell; it possesses no 
action on vegetable colours, and is insoluble in water. 
It is fusible at a lower temperature than any of the 
other earths: the heat of a good forge is sufHcient to 
fioften it. It is soluble in tile mineral acids, and in 
solutions of alkaline carbonates,— {Davy.) The basis of 
it has been separated by the agency of potassium, and 
is supposed to be metallic; but as yet the chief distin- 

s 4 
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guishing property of Tnetals -— a dccitled mefaHic IwRti’C 
— has not been eviiv'ed by it. It is a perfectly black 
powiler. Sir IJ. by means a magnifier, saw 

particles wtiich appeared inetallit^ in some partSj and of 
a c^jocolflte brown in others. ^J^he black powder burns 
at a heabrhelow redness, and forms the oxide or earth 
zirconia. 


lYe have now taken a-brief survey of those metals 
which, on,account of being of extensive utility to man- 
kindj arc generally known ; but the cjatalogne is hy no 
means exhausted, Ort the contra^Ty/those descnbfnl are 
^'iactly one half of tile total number known. 7'he 
metals which remain to be noticed are either useless in 
their own nature^ o:' are so on account of the difficulty 
and expense of procuring tliem, or tliey-are useful for a 
few purposes only; hence, little more thsbii an enumer¬ 
ation will l>e required, 

is a hard malleable metal, which, like iron, is 
attracted by the magnet, and, urJess it contain arsenic, 
is convertible into a magnet- It has not been generally 
converted to uaCj on account ot its scarcity, J)r. Fyfe, 
says, Nickel exists also in wMtf. copj)fir brought from 
China, in union with copper, iron, ami zinc, which is 
supposed to be obtained ftoin a native production calletl 
white copper ore, 'I'hc cotnpoeitio^ of tlie white copper 
ore Itbave found to be copper 40'^^^ zinc 25*4, iron 2, 
ami nickel Chfmiyth/^ 620 .) 

The metals called Cffrimn^ Urmmunf MoltfhdettUfrif 
Tang^fpij Coluftihiumj otherwise calletl Tantalum^ Tetlu^ 
rium^ Cadmium, and Fanadiym, on account of their 
scarcity, or from the difficulty of reducing them to the 
metallic state from their oreSj are but imperfectly known,- 
and have not been applied to any useful purpose, Cobait 
is used for giving a blue colour to glass and porcetain: 
the tint is beautiful, and hence the metal bears a high 
price. Manganese is much in use, it is employed by 
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^lass makers for two o]>poEite parposcs: for commu¬ 
nicating a puTpJe or vioJet colour g or for destroying all 
col OUT j ami jeiid^^iig the glass ^colourless- This dif¬ 
ference of effect depends on the property, which the 
metal possesses, of combining with different portion^of 
oxygi^n; there are four oxides known- In or4cr to un¬ 
derstand their action on glass, itAnust he observed, that 
iron often ailultcrates the^cnaterials of jkvhieli glass is 
■made, and a very Kinall quantity of the protoxitfe 
iron gives to glass a gr^m colour, although the peroxide 
imparts no colour- Now^ if *o glass rendered green by 
A little protoxide of iron, we add a small quantity of 
tritoxide of nian^sjtfiiieso, it will give*off a little of its 
oxygen to the in>ny ’wdjich thus N cfunes peroxide, and 
loses its colon ring‘power, ■On tl^e othef Jiand, the trit*- 
oxifie of manganese possesses the property of rendering 
glass purple, while the deutoxide *poBscsflc3 no such 
power; the mawganese, by converting the iron into the 
state of peroxitle, is itself rediiccd to the state of ifeut- 
* oxide; and this, like the peroxide of irori,|1oes not colour 
glass : hence the original colour of th? glass in de¬ 
stroyed, and no new colf>ur is communicated, if the 
proportion have been righdy adjlistcd. 

It is in the state of tritf&ide, or black oxide, that man¬ 
ganese is commonly found in hature; and wlicn this 
oxide is reduceti to the metallic state, the metal speedily 
absorbs oxygen from the air, and returns to the state of 
black oxide. It is froni the tritoxide that chemists for 
the most part ohtairr^xygen for experimental pur^ioses; 
and the modern practice of bleaching cannot he con¬ 
ducted without it; hence, this oxide is extensively 
useful in the arts- ^ , 

There is another metal used in colonred glass makingj 
and glass and porcelain painting, called Chromium ; it is 
also used in enamelling, and as a rich, strong, and dur¬ 
able pigment* To glass and enamel it communicates a 
green colour, while it furnishes to the painter his best 
and moat lively yellow : its high price much limits its 
use. 
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Biiimuth [s one of the most fiifiiUe of die metals* and 
it conn n uni cates i'usi^ulity to other metals* A mixture 
of tiiij leact, ami Lismullij is so fusiblo^that it melts when 
thrown into boiling ’water: a toy of this kind is well 
ki\pwn j it is a spoon whichj when immexseil in a very 
hot liqni^j immediately melts* An alloy^ composed of 

parts lead, 2 of tin^ and 5 of hisinuthj melts at 197 ^, 
ami may be nsed for taking v^'itsts from gems, seals, tS:c, 
/Che composition is remlered fusible at a titill. lower heat 
by the addition of a little juercury. This last prepar™ 
ation is also used for s'dve/ing (as it is called) the inside 
off^l ass globes: the compOLUidj wliey gently heated in the 
globuj melts; and by turning the globj;^ an equal coating 
may be laid on, which^ when coltlny hanlens and adheres* 

There is a sAbstajico pretty generally kiiown^ in con- 
se(iuonco of its being much used in medicine^ called 
Afitimoni/. 'fhe substance to ivhich the ))ame is com¬ 
monly given is an ore, tVom which, a peculiar metal may 
be extracted; and it is to this metal that tJiq name of anti¬ 
mony is given by chemists* Iti^l white^ an<l so brittle, 
that it may be reduccil to powder : it melts when heated 
to redness ; at a higher heat U e^porates* It has three 
oxides, Antimoiiyj i*-elced with Ifi times its weight 
of lead, fonns the alloy of Svhlch printing types arc 
formed : and the alloy ^of tin and antimony, made into 
plates, is used tor engraving or rather pundiing music. 

The cmnlc platinum Of commerce is by no means 
pure: it contains no less than four other metals; these are 
caUeJUjj/i///idmm, rhodium^ h^idi^jh^^ndoamiuin. They 
are procurable in very small qiiantiUes : they lutve not 
been applied to any ui^ ; possess no very remarkable 
properties; atid, the retore, need not be here further 
noticed* 

The last metal to be emimeratcd, is one that, in a cer¬ 
tain state of combination, is well known to the world, on 
account of its destructiveness to animal life : it is called 
Arsenic* This is a grayish white metal, which may be 
easily broken to powder. When moderately heated, it 
evaporates, and at the same time combines with oxygen. 
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foniiing a’white colon r ctl ox idij, comm only caheil 

hut improperly, that name hcloiigi^f:; only to tlie metal. 

This oxide is the ’|[ell knoivn poiAn. 

Such iss the very bri^' sLoteli of the metals at present 
known. It ’will ho uecosKnry to make a few general (JV)_ 
servatiniis, will rc'udor their resoniblafticos and 

difference's nioro manifest thau/when separaUdy con- 
sidefed. In the ^rst place, it is to be, observer I, that 
all the meUtls possess that property well uiiflerj^tGoJl by^ 
the expression mrMi/iif In^tre^ without which no sub- 
tance cun be conshlcred ajnetM, They are of different 
coiours : — some art white, as platinum, (lalla^lium, 
ihodiuiUj iriiliuiUj^ silver, nickel, cerium, tin, mercury, 
molybdenum ; soui? aft; bluish witite, or grayish white, 
as lead, Kinc, iibn, arficnic, tcllunuir^ manganese^ 
uranium, caiimium, antimony, cliromium, tungsten; 
two are yellow, namely, gold and tftainum : copper is 
re<l- bismuth is ^eddish; and cobalt has a paler red^lisli 
tint than bijimfith. 

I'liere are three metals magnetic — irpn, nickel, and 
cobalt: chramtum has affirmed to he magnetic. 

Some metals posaess'the property calleil malleability: 
gold and silver may be beaten 8ut into leaves, almosW 
inconcDlvably thin ; copiier, tin^ platinum, and lead, 
possess the same property, but* less perfectly: others 
are totally destitute of it, as ^arsenic, columbium, anti¬ 
mony, cobalt j and they can even be easiily reduced to a 
tine powder; hence-these are called brittle metals. 
Koarly allied to the pK^erty 'of malleability is duflJllityj 
which exj|)rcsses thtf capability of the metal to be drawn 
out into fine wire. All the malleable metals possess this 
property: gold, silver, and iron may £e drawn into' 
wires as fine as a human hair: lead and zinc may be 
drawn into wires, but they cannot be made fine: the 
brittle metals, as might be supposed, tlo not draw, 

Metals differ much in their cohesion or hardness; 
tungsten is Bn bard as to resist the file; while lead and 
tin may be scratched with the nail of one's finger. 

With regard to the fusibility of metals, or their capa-, 
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bility of beinc^ meltctl by heat, they tlifier fVoiu each 
other as much as inearly other respect* Home are abso¬ 
lutely infusible in th^ greatest heats^f our furnaces, as 
platinuTri (which, however, loekH in the flame of hy- 
dFOgen, urged by oxygen), rhodium, iridium, molyb¬ 
denum, fau<h we may aiJd, uranium : it re<]iiires tlie 
most powerful heat melt maiigaTiefie, iiiclicl, and iron* 
Others melt ^oug iKjfore tlWy hecome red-hot, as tin, 
rWd^and bismuth; while potassiuirf, at common temper¬ 
atures, IS always an ca&ily moulded soft^solid, and mer¬ 
cury is, at all ordinary temperatures, in a liquid state* 
Jt is particularly to ho observad, that metain difler 
very much in the facility with whitili they unite witli 
oxygen. Home of them, by ineri* el^osure to the aUrto- 
/^pherc, ahsorl^ \tA oxygen with great rapidity ; such are 
potassium, sodium: (Uhers more slowly, as manganese, 
iron, arsenic ■ and- leatl and copper still more slowly* 
Others do not oxidate by exposure to air, unless at a 
high temperature, as tin'' kIiic, titanium,-mercury, anti¬ 
mony, biKmuth, osmium, rhodium, and cobalt* Others, 
again, ’will no'iI oxidate by exjjosure to air or heat, or by 
immersion in water, as gold,-’ platimim, pallaHiiiiii, 
iridium ; and we majA say nearly the same of nickel : 
silver is with great diflicuityOxidised by heat. 
are some of these inetrfis, which, when heate<l red-hot in 
the fire, burn with the greah^wt ^spleiiLlonr, and at the 
same time unite wdtli oxygen ; of this kind are tapper, 
zinc, carlmium, tin, and bismuth ; cohnnhium hums 
feehity: iron fllings thrown intoih'Sflame of a candle, or 
exceedingly thin iron ’wire held in th^^cxternal part of the 
flame, will scintiilate : antimony burns at a white heat; 
and tellurium''bums before tJio heat of the blow-pipe* 
Jn short, at intense heats, most of the motals may he 
burned* But if placed in a burning jet of hydrogen* 
on which a jet of oxygen is allowetl to mix, they defla^ 
grate with intense brilliancy and great facility* On the 
other hand, potassium burns by contact ’with a piece of 
ice, with as much intensity, as others do when heated 
in the oxyhydrogen flame just mentioned. 
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Some of tlio iriotals^ whon expos»etl to heat, not only 
melt, but obey the geiitral law of other boUics—boiling 
and evaporating ^vluni the heat^lis siifKciently high* 
Thiirt, fiierenvy^ aiile, radioiunrij hitellurium, and 
antimony, boil and evaporate at a moderate heat: it*is 
oven known tliat, in a ^J’orneellian vacuum^ mercury is 
evaporate[1 iM ordinary tcjnjioratpres : silver and lea(l 
rei|uire a higlier lieat; ti ii ai^^l ceritiin a violent heat: gold 
will {jnly evajunat* in a slight degrt^, \ihder the most^ 
intenso hi‘at tliat i-an,l}e appliofl; and iron,* niekclj 
mauganeHo, uranium, ami ohrominin, cannot bo made to 
evapoiate in the mof^t iiifense heat with which we are 
anptainted, Arseni/ eVfi[Jorat<"s withciit meltfiig* 

111 evaporating,^^mo of the n^;tals atlbxd a peculiar 
smell* Arsenic viyiour has the odour of garlic; tellu^ 
rium smells like borst^adish ; and osmiumirakes its name* 
from the smell of its vapour, Some have a smell when 
ruhbcil, without Jjeing heated. 

There are instances, even, ofi f?ome metals assuming 
the state of vapour, ;d maintaining it permanently ; 
but, to do Ko, they retpdre to Ix' combint^ with a gas, 
"J’hus, arsenic aii<l teliurioui unite with hyilrogeii gas, 
and form gases, called arscniinret^d am I telluiretcod hy- 
ffrogen gas* Zinc, in sir*h quatility, also dissolves 
Jiy. Irogeii, There are coiripouml^ of telluriuiri and hy¬ 
drogen, and of bismuth and hydrogen, which arc even 
capable of esisting in the stli j. form ; the former is 
soluble ill water* I'otasHi^iin dissolves in hydrogen, but 
the comiwnmd spontaneously decomposes after a v^iilo, 

Some metals, wjjen * combined witli oxygen, alford 
oxides, wJiich poKKcsa tlit‘ properties of acids; tliey aru 
called Thtfftl/ir Arsenic affordir two oxides, 

which act in tlie doiible capacity of bases and adfls. Of 
the tliree oxides of antiinoiiy, the deutoxide and peroxide 
are acids* The hillowing metals afford each two oxiclesj 
tile protoxide Ixiiig a. base, and the peroxide an acid: 
— tungsten, columhium, titanium, cliroinium, ur an tum^ 
tin, vanadiunl, and, perhaps, gold. Two metals, mo-. 
lybdenuiEi and coball, alEbrdthree oxides each; the per4 
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oxitlc of liotli being acids. the four oxides of inan- 
gancse^ the peroxide is an arid* l^he following metals 
produce two oxirles^each, both of which act as bases; 
— platiiuiiTij pallafliuirij Tliodiuiiij ? silverj nier- 
cip'y, ceriimi, iiicke!^ iron. With zinc and cadmium, 
oxygen combines in one proportion only, and the oxide 
acts as a"bas(^. Lead and copper give threat oxifk^ each, 
all bases. Jridvnm is Sijppoyed to have four oxides; and 
osmium, live; hut nothing is certairiy known of them. 

Some metallic oxidca are aU^tline hi a high degree; 
KiK'li are tliose of potassium, sodium, ami lithium. Nine 
fitlier metals aHord oxides of a less alkaline yature; they 
were formerly called earths ; ealJiuin, barium^ stron- 
tiuin, magnesium, yttrium, alum ilium, siirconium? 
tliorinuui, ghiciuum 1 the hrst four earthy oxides change 
‘vegetable yellows to brown, but the la^t six do not 
adeet them. 

'JVlluriiim, by combination with hydrogen, is con¬ 
verted into an acid, as well as with oxygen, Several of 
the metals, when acidified by oxygen, wnnbiiie with 
hydrofluoric and form double acids; such as chro¬ 
mium, tungsten, molyhdeinim, cohimbium, and titanium, 

'J'he names of the ^ metallic acids are arson fous and 
"arsenic, antiinonioiis and aiit^Tionic, tungstic, columbie, 
titanic, chromic, uranic, stannic, vanadic, auric ? mo- 
lyhdic, eobaltic, manganesious and mangaticsic, telluric 
and telhiretted byilroge^, fluocliromic_, fluotungsticj 
fluomolybiUc, fluo coin mbit!, duotiUinic, 1'he Alkaline 
and ^^artliy oxides are potash, sod.^i, litliia, lime, baryta^ 
slrontia, magnesia, yttria, alumina, ^^yconia, thorina, and 
glucina, ^ 

Many of the metallic oxides, when taken into the 
stomach, act as poisons. Oxide of arsenic is a notoriotia 
and virulent poison; oxide of copper is leas virulent 
than ars^mic; oxide of lead is a painful poison ; oxide 
of nickel is known to be a e poison; and peroxide of 
mercury, unless in small quantities, is of a poisonous 
nature. 

. With regard to the alloys, it ia necesaary to observe^ 
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that Tnany of tlwin arc luorc iigeful than the metala of 
which they arc^ composed ; and jioaseas properties a 
deal different from their elements,* The most necfnl of 
^ill alloys, hrasfl, iaVonryiosed of siinc and copper; it is 
harder, more easily ineltt^d, more close grainedj belicr 
coloured, and less liable to tarnish, tlvan cop]jf?r j it is 
less brittle, %tid m every way jnorc serviceable, than 
zinc, PJnehht^ck is ecnnpwcd of the same miih'rials as 
brass, hut in diffident pre^portions, tiie Sitic preilomin-^ 
atinp,. Of copper aiuUtin — two very soft amf doxible 
metals —* are comp(>seil the ^altoy 4'allc<l hell-metal; 
which is harder than irOn, very brittle, and s^norouK. 
Of the same inateriEils, but in diftereni proportions, are 
composed mirrors >aijjl the kind, nf ordnance, impro¬ 
perly called brass jL'annon. i*ewter is composed of tin 
ami lead, sometimes with the addition of* Kinc, copper* 
or bismntlu Plates for statnpin^ iqusic are composed 
of tin and antiyiony; and printing types are formed 
from the ailoy.ot antimony, lo«,fl, am!, perhaps, a ttttle 
bismuth. Tin foil i. an alloy of lead and tin; and 
jdumhers^ solder is comiioscd of the samAnetala, Fu- 
«ihle metal is bismuth, J^ead, and Lin, The amalgam of 
zinc ami mercury is used tor exci4i^i? electric maehiiies^ 
that of mercury ami tin i« the coin pound ein]doye<l for 
wdiat is called silvering looking-glasses. The alloy of 
gold and silver witli copper, for coins, has been already 
noticed. * 

In our searcli after the metalUc productions of na¬ 
ture, we by no ineaiv*generally find them disseminated 
through the earth their metallic state. Sometimes 
they do occur native. <rold is found slightly alloyed 
with silver or copper. Platinum is always found alloyed 
or mixed with iron^ paUatlium, iri iliumj rhodimn, and 
osmium. Copper, silver, mercury, antimony, bismuth, 
arseniCj ami tellurium, occur both in the native metallic 
state (although never perfectly pure), and also mineral¬ 
ised by other bodies. Lead, zinc, tin, antimony, iron, 
&c. are constantly found combined, or miTieralised by 
sulphur. Metals are often found combined witli oxygen^ 
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or witli oxygen anti carbonic aciib The combinatioii of 
a inetal with its mineralising subatance ia called an 
anil it is in the stateore tliat inetaJs occur when they 
are not fount) native. Ores sometii^ies possess nietalJic 
In j tie; some times they ajjpear atotiyj and sometimes 
earthyIn many instances they are crystallised itito 
regular forms; anti qf'ten they are ainorplious (shape¬ 
less) masses. Ores &tc fomvi in large fissures in rocks, 

called reins; 'and often in beds oi* earth. The re- 

ft 

tlactioii^of thejn to the metallic state generally^ a 
difficult process. 


CHAP. 11. 

UOMPOUNIJS OP SOME EEKMKN'TS AS PREftENTEU BV 
ArilE VEUETAIil.K KINGDOM. 

i. 

treating of organitTed botlies^ vre have Bhown that, 
notwithstanding the variety of aspects under which 
vegetable substances ''are presented to us^ and the 
striking difference of their properties, they are all 
composed of four ultimate elements. The conibinl 
ations with each otherj into wljiah these enter, arcj 
however, various; and each form of combination pro^ 
duces a substance of a different fund. These eub- 
BtanceSj associated witli each other more or loss nu- 
merous^ly, compose the vegetable structure; and, being 
the more immediate objects of sense, in the investigation 
of any organisation, they arc called their pmrhnaUi 
principles. Existing ready-formed in woods, roots, 
leaves, flowers, fruits, and seeds, we find a considerable 
number of proximate principles, as acids, slkalies, sweet 
principles, bitter principles, oils, exudations; some 
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poisonousj others Tvholesotne; some spoTitaTieooBly se¬ 
parating, others remaining obstinately combined. To 
give a brief account of tl^ diief ^f these, is tiie object 
of this cliapter* 


Section 

^1T?5 OF VK<SfiTABL£% 

* 

acif/, -— The acid of lemons exists in their* 
juice, combineilTvith a coiftiderable portion of mucilage^ 
■which disguises its pfopertics, and. rentiers it perishable; 
it haSj therefore, bben an object tp remove thiSj when 
the add is to be preserved, or when its real properties^ 
are to be examinetl, ''l''he process which Sticceeds best, 
is, to present to the juice any subs^noe which has a 
stronger afiiiuty^to tlie pure acid man the mucilage 
has; an<l which, by forming a compound that w-Ater 
cannot dissolve, will jvc'nnit our washing it with water 
to remove the mucilage* The substance ftddeil is then 
to be withdrawn, and the add. remains pure. From 
the Latin word, citrus, a lemon tijc* tlys acid has been^ 
called citric acid* The cftitline of the process is as 
follows: — Add to strained lemon juice as nruch pow¬ 
dered chalk as will saturate it, A powder subsides, 
from which the liquor whiclp Hoats above should be 
decanted ; and the powder washed with various affix- 
sions of warm water, ufttil the washings come off -uujh- 
out taste,. Dilute suh>hnric acid should be heated on 
the powder: the aciifliquor should then be pressed out 
through linen,—and evaporated, until a pellicle appear 
on the surface; on cooling, crystals wUl form, which, if 
not white, are to be dissolved in water, and the liquor 
Altered, and again evaporated. In 100 grains of these 
cryatals, there are grains of water, and the re¬ 
maining 7^^ pure acid, in its moat concentrated 
form. These grains of pure acid are composed of 
42*1 of oxygen, 51^58 of carbon, and2*63 of hydrogen. 



27^? ELEMENTS cfp CUEMISTBrY, PART II, 

It Jfi commonly estimated, that an ounce of crystallise^ 
acid, dissolved in a pint of water, affords an acid of tke 
same flegree of sonrf^oss as avcra|>e lemon juice: ac¬ 
cord to Dr. Harlcer, of Dublin, ^40 (grains of the 
crystals are necessary. But water is capable of dis¬ 
solving a^nuch greater quantity of the crystals ; at 60"^, 
it dit),solves one quarter more tlian its own -^veiglit; the 
solution will not keep iVr aiiy^reat length of time, Tho 
^.rysuls, if much heated, turn blacks, anrl are decom- 
poRcd, ^riieir shape is that ot’ ^ rliornhoidal prism. 
They dissolve in alcohol. 

Sorbfc (icitL — Apples, when unripe, have an ex¬ 
ceedingly acid tarte* Beside a peculiar acid, the juice 
contains, like that of lemons, a considerable jHirtion of 
jnucilage. From the Latin word, ttmlwnif an appluj 
this acnl was denomiiiatetl malic acid, by Wcbeelc, who 
fUncovered it in 17^5, In 1815, I examined the acid 
juice of various fruits; atul, amongst the rest, tliat of 
the &&rbitiij or pt/ria arcuparia, which Scheele had al¬ 
ready pronounced to contain the malic. But as this juice 
proved to coriain an acid possessed of properties totally 
diiterent from tliose attributed by Scheelc to malic acid, I 
^nfeiTcd that the acid sorbus berries was oneauigen eru ; 
and I ilescrihed it in the Plulc'JOph Leal Transactions under 
the name of sorbic .acid. Shortly after, the subject 
was undertaken by Va\iquelln, whose results coincided 
pretty nearly with mint: Braconnot, also, undertook 
an examination of the acid ; and he decided tbit it was 
a ngw one: but, in some time ^fter, he made a new 
set of experimenta ; and he th^ declared that the acid 
described by me was no other than the malic, except 
that malic aUd, as obtained by Scheele^s process, is 
leaflet^ with impurities, which-are removed by mine. 
Iti this state tile questicfti still remaiuSi 

As the properties of the aciil derived from sorbus 
berries are totally different from those which Scheele 
described as belonging to the malic, I think the name 
sorbic acid is less likely to occasion misconception^ It 
may be^prepared by pounding and expressing the berries 
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of the sorhijs aocuparia, or service tree; anfl adding 
solution of an gar of lead until it to occasion a prc- 
cipitat(\ The precipitate is tht^ to he coilected on a 
very large tlouble Ateriif paper^ and hoiling water is to 
bo allowed to run throngb until the matter on the fiTtoT 
has grown granular and harrl. The waterj am. cooling, 
will afford hhautiful crystals, ’which ar<^ to hr separated 
by a filter, rlifl-used in disiillecl water, apd a stream of 
sulphuretted hydriSJ^en passed throughs until further ad-*? 
ditions cuasc to throwtiowii u Hack precipitate; this 
black precipitate being filtt'red^offj the clear liquor is to 
lie boiled tlown to a gyrupy consistence, 'J’hii* is sorbic 
acid, almost peTfoc|ly pure* By meads too tedious to 
describe here, it may 1^^ made to <?ryBtallise* 'I his acid 
is composed of' oitygeu, hydrogen, and ^carbon; but* 
there is no use in stating quaiititicH, as the results of 
analyses are discordant. • 

k^drblc acid ispi^ontained in a number of fruits^ 
side apples and^orbu?. berries. * 

Tftrffirie Every one knows, tbat,when a large 

quantity of the juice of grapes Is loft spontaneous 
fermentation, the result is wine* When wdiie has Iw^en 
kept some time to depurate in irootleii vessels, it de* 
posits, on the side of tile \%s8el, a \iard crust of dark 
coloured matter, the taste of which is sour. This 
matter h impure; but, when jinrified by various crys-^ 
tallisationSj it liecomes perfectly white and crystalline ; 
and then it is known in commerce by the name of 
ermtit o/ tartar. Thc*etyniology of the singular nUifne, 
tartar, is uncertain it is derived from as 

some say, because it occasions pains equal to tliose en¬ 
dured in the infernal regions ; and, as other* say, 
merely because this substance deposits itself in the in¬ 
ferior parts of the cask. Tartaric acid may Ije ob¬ 
tained from cream of tartar by a process analogous to 
that given for obtaining citric acid, 11 has an exceedingly 
add taste: it dissolves readily in water, and is soluble 
in'alcohol. Its crystals are of a very irregular shape. 
In 100 partSj by weight, there are 19 of water; the 

T 2 
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Temaiaing 88 parts are the pure anliydrous acidj com¬ 
posed of 32'30 parts of carlion, oxygen^ and 

^*64 of hydrogen. e 

This acid exists abundantly ip oi^er fruits, but es¬ 
pecially in the tamarind; in the grape it exists along 
Tritli citrVj malic, and an acid called vinie^ which re- 
Bemhles tartaric acid in many respects, buf differs from 
it in others, and concerning ^he nature of which almost 
V.otKing is known : these four const^i.ute tlic agreeable 
tartness of the juice of that fruit. 

Oj^'uUo field. — The plant called sorrel is valued for 
its aciflulpus taste. This acidity is owing to the pre¬ 
sence of a pcculi^ir acid, which may be separated from 
the juice, and from 'the potash ,winli which it is com¬ 
bined, by a process analagous to that described for tlie 
preparation ol' citric acid. It lias obtained the name 
of aeid^ frovi the generic name of the plant, oxalU 

This add forms readily into regular crystals, of 
which one half the weight is water, tlie otlier half being 
pure acid, it is a retnarkahle circumstance in its con¬ 
stitution, that it contains no hylrogen, and that it con- 
merely of carhoitand oxygen,—there being twice aa 
much oxygen as there is Carbon, So that it difFurs 
from carbonic add jnerely in the relative quantities of 
its ingredients. Oxalic acid can be prepared by an ar¬ 
tificial process, with greaf case, from sugar, aUfl 6 ^mes 
its weight of nitric acid,—the former ahbrding the car¬ 
bon'necessary to its fonnatioh, and the latter the 
oxygen. It is only necessary to^ lieat the nitric acid 
on the sugar ; the sugar dissolves, and there is a violent 
eflfervi^sceiiice^ which must be moderated by immersion 
in cold water: when the mixture cools, crystals of 
oxahe acid form in abundance, which may be purified 
by a second crystallisation. 

Oxalic add is an active poisoft; many persons have 
fallen victims to its virulence, by having swallowed it 
in mistake for Epsom salt, which it reaembleB in ap¬ 
pearance. In all probability, this would not prove to 
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be the only vegetable acid capable of acting as a poison- 
Clialk finely powdered^ and difftised in water, is the 
proper aiithlote to^be poison of Oxalic acid. 

GnUi^ mvL — We have now to consi<ler an acid of 
a much less decided character^ altlmugh possessO(f of 
striking pr<jperties, than auy of the foregrfng: it ig 
obtained from gall nute; and rhenco has been called# 
gaUh^ n^hl. The process Ar pre[>aring very siiyple: 
introduce coarsely powdered galls into a glaws retortj 
and heat the belly of*thc retort gently and gradually 
until crystals form on tlic iftck. These crystals are 
gallic acid, which ^ises in vapour from tile galls in 
consequence of the heat; the vapour, as soon as it 
comes in contact witli*tlie cool part of tlie glass, con¬ 
denses, or becomes solitl there ; and u#w particles o€ 
acid continually fixing in the same way, and joining 
each otiler according to tlie symmftrical arrangement 
dcBcribed in the* chapter on cohesion, crystals are fojtncd 
just in the saific mani-er as if a liquid hy cooling ha<l 
crystallised. Wheuever a solid is thus converted into 
vapour by heat, and the \dpour by being cooled again 
becomes noUd, whether*assumiug the form of crystal or 
not, the solid is said to liave bi^ta j and tife 

process itself is called because it is gene¬ 

rally perfonned in tall vessels,—^the solid taking a high 
station in the vesseL as it coiifl not cool nearer to the 

1 r 

source of heat. 

The claims of th^ gallic to be considered as an acid 
. are not very decided. *!t has been stated by HerzSUus, 
that it does not retWen litmus ; hut others affirm that 
it does. Its taste is scarcely acid; it^ is rough and 
bitter; but it possesses the prt^perty of nevifralising 
alkalies, and of expelling carbonic acid from the car¬ 
bonates. Its most remarkable property is that of 
changing the colour of solutions containing iron to an 
intense blue-black colour; and it is partly owing to 
the co-existence of gallic acid ami peroxide of iron in 
ink, that its black colour is attributable, 

T 3 
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The crystals of this aoiil dissolve in 12 times their 
iveif!;ht of water at or twice theif weight of water 
at lOO grains 'of it consist 0^56-25 carbon^ 

oxygenj ami C’25 hydrogen* - ^ 

\}thi‘y (n idfi, — 'J'here are a inimber of otlicr acidSj 
which, being of little use, and not possessed of any re- 
markable properties^ *t will bo sufficient merely to 
allude to* . 

acid is contained in the odoriferous resin 
called hf*it‘Xoeu or hcnjn'tahtf add may lie obtained by 
gentle sublimation in tlic^'same manner as gallic acid, 
Jlforrt.ri///*’- add is prodncefl from the bark of the mul¬ 
berry trtn: ; ultnih acid from the bark of the elm^ and 
from various other vegetable souivres': kitiic is pro¬ 
cured from tl^e bark of the cinchona treej—the same 
winch affords I'eruvian bark. From turpentine^ an 
exudation from various species of pine tree—are derived 
and piaic adds* From poppy-hviads is obtained 
mvtvfiiv arid : from carrots and other vegetables, pectic 
acid may be ^ separated* ^J'he roots of the krameria 
triatidraj or rliataiiy, a Feruvian mountain sliriib, contain 
krawerir arid. Asparagus shoots afford ui^mrtir acid. 
¥he see<lB of the tiijfiam furnish arotonic acid. 

Beside the foregoi!*-^^ there ^ three or four others not 
wortli naming. 

I'be acids which hav/^ been just describetl exist 
ready formed in the fruits, barks, seerls, seed-capsules, 
roots, &c. of plants; they are, simple educU. But 
there'kre others having a vegetable origin, which do not 
exist in plants as acids, but may brtformed by chemical 
changes produced on certain elements contained in 
vegetafcles which affbrd the l>ase of the acid: these are 
acid profhtriif; some are produced by the agency of fire, 
others by the action of nitric acid. 

\Vhen citric, sorbic, kinic, tartaric, and mude adds 
are distilled at a high temperature, they undergo de¬ 
composition ^ and, by a new arrangement of the ele¬ 
ments, new acids are obtained. Their names remain 
the same, with the word aa a prefix, derived from 
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■TTup, iTirtieating the raanner of their production 

'rhus^ we have pi/roeitriOf pyros^^rbw, pt/rokinif^f pyro- 
and pyromuric acid a : fliey are all capable of 
aKbiiining the cryisTalUne form ; and differ raateriaHy in 
their properties from the original acids previously to 
their being altered by lire* • 

There are other acids generated by similar means^^ 
but they have simple naiifbs without any prefix, Ijocause 
they are not known to exist in any previous stat?. 

Thus, ambe^j a suhstJhce of vegetable Origin when dis- 
tilleil, affords an acid in ^n'ystels ca^e^l jutccinir (^sned- 
nutti, amber). When castor oil is distilled,! two acids 
are generated ; t]*ey have been namecL rivinic and 
odir acid^, * • * 

When potash,*a substance chiefly of Ajpgetablc origin^ 
is exposed to a powerful heat along with carbon, an 
acid is produced, which, on account^fits saffron colour, 
is called crocofl/j {idtL If pinic acid be exposed to 
heatj its natufti is altf I'ed : itliecomes a new acid, and 
has been cad eel rohyhonh ; hut this is ^n unnecessary 
innovation on the ustablisiLed method of'nomenclature ; 
it sliould be denoininAted pyropitiic acid* The acids 
which follow are generated by ti^action of nitric aeid 
on a compound vegetable ^asis. 

Cftrtiavatic acid. Indie acid. A/oetic acid. —Indigo, 
when actetl on by nitric acyd, affords products which 
vary with the strength of the nitric acid employech 
When the acid is string, and its action on the indigo 
is maifitaiued by a moderate temperature, tlitTMatter 
dissolves with considerable efterveacence, and a Bolution 
is obtained, which, on cooling, deposits transparent yellow 
crystals. These, when purified by various pioeeases, 
constitute what is called carffazaSic acid ^—the name being 
derived from the cir cum stance that carbon and azote 
enter into its composition. 

This substance reddens yegctahle blues, yet its taste 
is only bitter. It may be sublimed by a slow heat ; 
but by a strong and sudden beat it is kindled, and is 
consumed with a yellow flame. It forms a variety of 

T 4 
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crystallisablc salts wjtli alkalies ami earththe moat 
len^arhahie property wliich is that of exploding; when 
heated. ^ 

When imligQ is boile^l with iiitrii/aeid much flilutedj 
an* water continually added to prevent coiicentxation 
by the evaporation whitli takes place^ a yellow solution 
is procured, which, oij cooling, aflbrJa ^cicl crystals. 
Tliese, being purified by means not necessary to describe, 
*:>nstJtute indie neid^ or, as it lias bce'u called, indigotic 
acidj—a name which docs not setm to be more expres¬ 
sive, altliongh more currdDrous. I'his acid is obtained 
in white pilky crystals, which havt^an acid bitter taste. 
Wlien lieated, it comports itself nearly in tlie same 
manner as the carhazotic. It coiisists of 45'4^54 parta 
pf carbon, 40^404 oxygen, and 14^442 azote, in 100 
parts. Carbazotic acid consists of the same elements; 
but the ratio is tlrfierent \ the carbon being hut two 
thirds, the azote double, and the oxygen tlie same, of 
the quantities which compose indie acid. This ap¬ 
pears by the ^alyais of JJr. Buftl When indie acid 
is acted on by strong nitric acid, it is converted into 
carbazotic. u 

^Braconnot had di^verctl, that when nitric acid is 
heated on aloes ^ a fellow flotulcnt precipitate appears, 
very little soluble in water, and, when pure, inanifcGting 
the properties of a peculiar acid, which he called aloeiic 
acid* M^hcn this or its cryt^tallisoil combinatiqp with 
potash is heated, it detonates with a purple flame; in 
the Irtter case the smell of hydrocyanic add is percep¬ 
tible. Liebeg obtained the same fjesults, but he was 
misled into the belief that nitric acid enters.into the 
composition of aloetic acid, and is combined with a 
peculiar bitter principle of aloes not possessing the pro¬ 
perties of an acid. 

But whatever might be the nature of aloetic acid, he 
found that it poasesaes some extraordinary properties. 
Silk boiled in its solution acquired a beautiful purple 
colour, which was not affected by soap, nor by any 
acid except nitric, and this changed it to yellow; hut 
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mere wasliing in cold water restored its former fine 
pmplc* He found that all may be given by 

proper mordants. To woolj a* particularly beautiful 
black is comm uni G^ted*by this substance^ on which light 
has no influence. Leather takes a purple^ and cotton 
a rose colour from it, which gives way to «oap. To 
silk it also Aminunicates a rose# colourj^the only per-^ 
manent one known* ' • 

AL Fjiebeg afterwanla found that he, as welj as^ra^ 
connot, had mistaken flie nature of aloe tic acid. His 
new rcKearches informed him that aloetic acid is a com¬ 
pound, consisting of cart azotic acid, combi tied with a 
peculiar subatance^possessing tile pro;perties of a resin* 
Carbazotic acid, h^ found, ait ^xcellerit test for dis¬ 
covering potash ; *the carbazotate of po^&h requires % 
large quantity of water for its solution; Iiencc, when 
dropped into solutions of potash, e^cn of sulphate of 
potash, a preci^^Jttatc is produced. Nay, it occasitins a 
precipitate hl*i^fu^^on of litmus, on account of the 
minute quantity of potash whidi that ^bstance con¬ 
tains. 

Tile action of nitric acid on indigo was first observed 
by Haussmann ; he obtained a bitor substance from jfe, 
which he did not rccogRise to acid* It was 

called the hitler prmoiplfi of Ilanssmami, but was really 
impure carhazotic add* ^^Iter ascertained that, by 
digesting nitric acid on silk, a bitter principle, which he 
called ampr^ is also p]|;pdiieed, and it was supposed to be 
identical with that obtained from indigo. Liebeg in¬ 
vestigated this Bubj^t; he obtained fl'om silk the same 
crystalline matter as from indigo; showed that both 
form the same compounds, and that they are, in ehort, 
the same acids* Chevreul had denied that the bitter 
principle is an add ; he considered it to be a combin¬ 
ation of nitric acid with vegetable matter; but he as¬ 
certained that an acid may be procured' from indigo by 
the action of dilute nitric acid* This is the acid to 
which the name of indie is here given, 

Mude acid. Camphoric acid. Suberic nefd. -By 
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actiiif^ on of milk with nitric acidj both undergo 

docompositioii, and ^n acid in the form of a white 
powder is prodiict^d, which is called ^mlacth add (sac- 
charum lactis)* If uitric add lie /hade to act on gum 
ArltbiCj the very same acid is formed ; and hence it Isaa 
also beeiiqnamed muria adfl, and considered to be a 
vegetable acuL If camphor he similarly'treated with 
nitric acldj we obtain a suI;‘stance in crystals^ called 
if^mphono arid. And if cork l>c acted on by nitric 
acidj a crystalline acid is gcneraitdj called jsuherir^ from 
the cork tree, 


fepOTlON ] Vi 

*j 

#■ 

ALKAI.JES Of VKOETAIlLfiS. 
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It has been discovered that adds are not the only 
class of bodies which constitute the most decidedly 
characterised component parts of vegetables. It is 
known that alkalies exist already formed in the plant 
as one of its constituent partj^ in the same way as 
aj^ids, and with far' more decided properties; and it 
is certain that thof^re noi^ gracrnirdf os h the case 
with potasJi and soda.* Several of tlie substances which 
have been announced as alkalies, manifest alkaline pro¬ 
perties in so undecided a manner^ that they haic been 
distinguished, by the term aikaloidfij in order to imply 
a rcaption or reiiembiance, rathfy than an identity with 
the alkaline nature► The propertleji of tliese substances 
are not of sufficient interestj at least to the chemist, to 
call fo^descriihion in so small an elementary treatise as 
this: a few short notices shall suffice. 

Quinitifi and Cinrhonia are alkalies, which have been 
discovered existing in the difFereut species of cinchona 
bark, in combination with kinic acid* Tliey have a 
considerable resemblance to each other, but are suffi¬ 
ciently distinguislied in certain properties. They have 
a bitter taste ; they neutralise acids, and form crystal- 
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ALKALIES OF VEGETABLES- 
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lisable compounds^ some of which are used in medicine; 
and are supposed to concentrate in them all the medical 
efficacy of the cinchona barks;* but it seems probable 
that this conclusion i>^fouiidc<l on insufficient or exa^- 
geraU^d grounds. Cinchonia readily crystallises: tt is 
insoluble in cold water, and requires 250(t times its 
weight of boiling water: alcoi^l and ether dissolve it^^ 
Quinina possesses nearly the same piaoperties, but it 
does not crystallise. "J'lie alkaline propertiea of bofti 
are strongly marked. *Morp7tm is an alkaline substance 
obtained from ojuum^ iii^wliieb it exists in combination 
with meconic acitU lthasl>een sLi|^posed4o concen¬ 
trate in itsdf tin*sedative virtues of opium ; while the 
stimulating effects o# that mccficine are imagined to 
reside in a different principle^ which may \m 

obtained from opium in a separate fornij and which 
does not manifest the proiHirlies tether of an add or 
alkali. On subj ect Mr, ISrande observes, It^ust 

be admitted That Li^e composition of the active prin¬ 
ciple in crude opium is yet hut imperfecily understood: 
and it is possible that narcatincj in some peculiar state 
of combi nation j may cebi tribute to ijs powerful ([ualities: 
it cannot be admitted t!iat they referable to morphia 
only^ for 100 parts of opium do^t yield more than 
7 of that base; so tliat were morphia the true active 
essence of the poppy^ it showd produce (when extracted 
in its active saline state of sulphate or acetate) effects 
commensurate with* the fourteen-fold concentration 
which the opium ha^ undergone. Yet morphor 
rather its sohible siitSj may be givoft in nearly the same 
doses as crude opium ; and a grain opium and a 
grain of acetate of morphia are not wiilely different in 
their operation as sedatives,** If these facts have been 
observed in a sufficient number of cases^ diey seem to 
negative the statements which have been made with 
regard to the relation of acetate of morphia and mor¬ 
phia to opium, in point of etrengtli. The former is 
affirmed by Orfila to be one of the most powerful nar¬ 
cotic poisons of all the salts of that alkali; and Ma- 
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jentlic says^ tliat a quartt^r of a grain is a full anodyne, 
Sextuerncr found tha^ one grain of morphia jjrodnced 
stuporj and tliat an ^ additional half grain produced 
alarmmg symptoms. Perhaps ifljo discordance of the 
difltrent statements may be referable to tlie different 
drcuinstaAees under which the experiincnts^ were made: 
for solid juorpbia is by iW less active than morphia 
in solution. Much is yet to Ifc known, before the nature 
(tf niorptiia can be said to be understood. It is^ how- 
evLTj a decided alkali; it is obfainetl as a white crys¬ 
talline powder^ very diflcultly soluble; and to this 
circumstarcc may its inertness be attrihutedj ju&t in the 
same way as sulptiate of barytes is inert owing to the 
sanie cause. The eKperiment eecniSj however, a very 
^insale one ; as acids in the stomach may easily develop 
its powers by promoting its solution, 

Strjfdmia is one of the most powerful hitters and 
poispns of all the substances in naturd, and possesses 
the remarkable property^ of inducing syluptoms of the 
disease called locked jaw. It may be said to be inso¬ 
luble in water. It has of late been much used in 
metlidne, in paralytic affections, applied in minute 
qc^antitles on a blist^^*ed surface, or even given inter¬ 
nally, 

Bruvia is also a violent poison, capable of inducing 
locked jaw and tetanus,^ ?ts intensity as a poison, to 
that of strychnia, is as I to 12. It requires 5CW parts 
of water for its solution: it dissolves in alcoliol, but 
not hi* ether. It lias been extracted from the bark of a 
tree common in Abyssinia, called ^yoghioos^ or hruvda 
antidysmtarica.^ It has also been called false angustura, 
and was sold for real angustura, — a fraud or mistake 
which at the time created dreadful consequencesp It 
is singular that Mr, Bruce, the celebrated traveller, 
whose name the bark bears, being attacked* while in 
Abyssinia, with the dysentery which ravages that 
country, was actually cured by taking ? heaped, tea^ 
spoonful of the powdered hark of the root twice a*day> 
— a circumstance which induced him to bring the 
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seeds of so valuable \ plant to England, where it has 
grown. 1'he effects of this dose do not seem to cor¬ 
respond with the known charact^ of the alkali which 
has been cxtracte(Wfrom it. Perhaps bmcea, in small 
doses, might have beneficial effects in the dysentery of 
this climatei ^ ^ 

said to he an alkali procnrable from the 
leaves of tlm foxglove^^or dfgitaUs purpnrm. The^ 
only substance which 1 couJd find in foxglove I save 
that seemed likely to lip the active principle, wts a sub¬ 
stance possessed of the most intense bitterness; but I 
did not observe tliat it •was alkaline. I suppose that 
this hitter substanA is the narcotic .principle merely, 
from the analogy %f other violcty; narcotics, which are 
almost always bitfer, 

FeraMaj &c. arf 

derived from henbane leaves, tlcadlj^ tiightshatlc leaves, 
white hellebore^ root, anti hippo root, &c*: they need 
not be describ^pd* 


Section 111. 

« 

OTMRa raOXlMATE rP*SICirLltsVjV VEOETAALfiS. 

Having now briefly deaerihed the acids and tihief 
alkalies which are found in'vegetables, we proceed to 
Borne other proximate principles. 

If we take any flewnt vegetable, and boil it^for a 
length of time in water, then pour off the water, add 
new water, and boR again, and so on, five or six times, 
the plant will be much changed in its nature* It loses 
its taste ; its medical (Qualities, if it possessed any ; per- 
'haps its colout; and most generally nothing remains 
but an inert fibre, possessing no other properties than 
those of wood, and resembling common wood in all its 
physical qualities. It is, in fact, woodp fibre^ and 
constitutes flic solid basis of all vegetable structures. 
It is called ligniu^ from li^numt wood ; and it consti- 
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tutcs from 9f) to 9^ cent, of the i^-eight of the 
fensnt khids of vfooA. — (^ThenaTd,) ^ 

When lignin is sutfit'Cted to distillation in an itbh 
tuhe or re tor 1, the same changes ftjcur (p* r®5.) as 
thoi^j Tvhicli take place in the tUstillation of wooil; 1% 
same gaseous compounds of oxygen and carbbn^ ^nd' 
hydrogi^Ei and carboiij the same pecnliar kiul of acetic 
't^dd, areevoWedj an<l cKarcoa) renmins. Hence, lignin 
composed of'^oxygenj hydrogen^ ai'd charcoal^ juat 
like wootp; there being, in lOO grains, of carbon, afii 
43 of oxygen and hydrogen, in the ratio which forms 
water.—antf Tht^nai'd.) I'here Bt:cms also 
to bo sotue^ a>!ote present, althongli its quantity has not 
been estimated. '' 

The most remarkable of the properties of lignin, or 
i^tber of mernL; wood, liave been discovered only of 
late; and although very striking, they seem not to have 
boc'ji followed up writh the perseverance w^hich their 
impoHance demands, sawdust, obtained from the 
w^ood called hornbeam, wtiich is an exceedingly hard 
sort of timber,"'he well mixed up with a sufficiency of 
strong sulphuric add; and W'hen the mixture haa 
growTi dear, if chalk be added, audthe liquid strained, 
an3. boiled tiown toij'^yness;#the substance remaining 
in tbe vesRcl vi'ry^losydy resembles gum Arabic. It 
has no taste ; it is transparent and yellow; it breaks 
shilling like gum ; will unite fragments just as station 
of gum docs ; and, like it, forms a varnish when its solu** 
tion isJaid on evenly, ^ 

But a still morc^singular fact is, that if this pecu¬ 
liar gum from wooi he once more mfited with sulphuric 
acid and heated, the gum is converted into a sugar, 
which, in many respects, resembles common sugar; it 
is crystallisable. 

M. Braconnot, who ascertained these remarkable facts, 
further discovered that a piew of hemp cloth can be 
dissolved in sulphuric acid, and tliatthe same products, 
gum and sugar, may be obtained: for file chief con¬ 
stituent of hemp is Ugmn> He also found that 
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su^Uf ilms protlinicd iS mixed with a peculiar com^ioimd 
of aujphujic acid anti vegetable matter, which ia eamly 
Kepai^ble from the augar^ and ji/hich ]>0StieBaes acid 
properties different tbpse of all other adds. He 
gaiye it tile name of at'id. It d’ffbrs fr^m 

sulphuric acitl in not producing any predpitadon when 
poured into#solutions of lead or baryta. When the 
salts formed by ir are decomposefi by heat^ the vegetable ^ 
matter is resolved into ch^fi'coa!, part of Vhidi^desom- 
poses a portion of the j^ulplmric acid^ and evoPves sul¬ 
phurous acid; tlie remaining jjjvrt of the sutpluiric aciil 
combines with the base of l^re original salt, forming a sul- 
pliant; and this iafobtid mixed with thefesiduaf charcoal. 

'riiese changes if^ipear exiraordijmry to those wdio are 
as yet unacquainted witli the composition of the bodies 
concerned. Hut when we come to reHect that woof 1, hemp,* 
gum, sugar, and various other vegetaj>le substances, arc 
composed of tlv^ same elements, combined in different 
ways and different T'^oportions^ the conversion of *one 
into another byarlifinal processes becomes Less amazing* 
Wc are then less surpriset^ that the carboif^ oxygen^ atid 
hydrogen, winch this iTjpment constitutes wood, should 
the next moment be the cii: bon, oxygen, and hytlroge^, 
that constitutes gum or su;^r. iS^in consists of the 
same elements in all kinds of wopd^^its difference of 
hardness is attributable to the s*ate of cohesion. 

With lignin arc associatetl various other bodies in 
different woods and jdants. /ieainN exist abundantly 
in thornj anil in grr^ft variety. In the difteront^^pe- 
^ cies of pine-tree we discover that jjeculiar liquid re., 
sin called tnTjmiUtk, We find it exuding spontane¬ 
ously, and in the greatest purity, from* woundj made 
through tfie bark, or from t!ie sections of lopped 
^ branches; and the cones of the larch smell strongly of 
' it. Turpentine is sonietiines transparent, sometimes 
opaque ; but it always becomes transparent and har<l by 
age* When submitted to distillation, a thin, colourless, 
highly odorouii liquid comes over, consisting of hydrogen 
and carbon, and called esficntlal oil, or spirit of turpen- 
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tine* ^VTiat Teinains in the body of the still is common 
resin or rozin^ and is called white resinj if the water 
(whicli is always put^ into the still along with the tur¬ 
pentine) was not all boiled away ; or black rcsinj if it 
wa^ Diftcrent trees and shrubs afford dilFerent resin a 
by spontaneous exudation ; ^omo of them being odori¬ 
ferous, as^ myrrh, olibanura^ &c. ^ 

Resins are nearly transparent, and always coloured r 
by age their colour becomes'much deeper; they have 
a pungent taste, and contain a strong smelling oil* 
AmongRt tlieir most characteristic properties are, their 
iiisolubiUty in water; their roa<iy solubility in alcohol, 
with ivtuL^i they generally fomi a''varnish; and their 
re-appearance in the state of a fine white powder floating 
in the liquidj when water is added to their alcoholic 
^^olution. If r resin be heated, it generally melts; but 
on cooling, it hardens again: if much heated, it hums 
with a dense flame and much smoke* When a resin is 
expiifsed to heat in a distilling apparatus, the odoriferous 
oil distils over, and leaves the resin behind; and so far 
altereiij that it* is now harder, darker coloured, and, com¬ 
paratively, destitute of smell. In this odoriferous oil 
" is supposed to reside almost the whole of the medical 
virtues which this cV'+’its of bralies are sometimes valued 
for possessing; ar bejng considered the chief ingredient 
or the essence of the thing, it has obtained the name of 
cs^entiai oiL From the Circumstance of its speedily 
evaporating, or flying off, when exposed to the air, it is 
also called volatile oil. ^ 

Essential oils vary mucli in tlieir physical qualities: 
their smell and tasfe, both pungent/differ in each case; 
their colour is generally very light when newly distilled, 
but by age they become brown: they are mostly pale 
yellow, but some are green, and others blue* When' 
shaken with water, they appear to mix for a moment; 
but in a few minptes almost the whole of the oil either 
swims or subsides to the bottom, according to its spe¬ 
cific gravity. But the water acquires much of the 
pungent and peculiar taste of the oil; a proof thatBome 
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of the oil hast reinainod in solution* Time causes a 
greater quantity to dissolve. 

Kssential oils are obtitiiied from resins^ from the back 
of the wood, from^ie wockI itself, or from the leaves^ 
flowers, or riiid of fruit, 'Fhe seeds of plajits 
a^ost always contain an oil; hat its natur^ is gene¬ 
rally dlflbre|t from that of an essential oil. WTien 
exposed to the air, it <loes not evaporate, but leaves a ^ 
greasy stairij and rf^mains rfxed ; and froA this draiimTj. 
stance it has been callec^.re^ oil, in op (>ositioti W volatile 
oik Some seeds, however, contain a volatile oil of great 
fragrance. • 

Fixed oils have Si ways a greater ^^onsiistonce than 
volatile oils ; their Ifeiste is miltl aiyl bland ; they do not 
dissolve in any quantify of water ; and they are much 
leas inflammable, generally requiring to4>e heated to * 
their boding point, which is in all jases high, before 
they catch flamej while volatile oils catch flame at much 
lower temperatures. Volatile qils are inflamed by \he 
affusion of nitne acid; but fixed oils require a little 
sulphuric acid to Ik? mixei^ with the nitric** The former 
dissolve readily in alcohol; but of the latter a few only 
dissolve. * ^ 

There are two Bubstances^found^^ plants which seem 
to have some analogy to fixed anj vdHitile oils; these 
are WfLt and cf^mpfior. When wex is melted^ it possesses 
many of the properties of a fiVed oil: it may be consi^ 
dered both as a vegetable and an animal substance. It 
is known to be wax thlit constitutes the vamiah ort^the 
leaves of treesj which proves it to bo a vegetable sub¬ 
stance. Bees, wheniconflned in a room, and fed with 
sugar, will produce a comb composed of max ; the sugar 
has, therefore, been converted into wax by the ^limai 
process which it undergoes in the bee. The myrica 
cerifera shrub produces what is cdled vegetnhln wax. 

A good shrub affonls seven pounds of berries, and these, 
boiled in water, give out one pound of greenish wax. 
Camphor set ms to possess the properties of a concrete 
volatile oil to a oertain extent, although it must be ad* 

V 
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mitteJ to be matter of quite a distinct nature from all 
Other botUes* [t is volatile j hag a pungent taKte; scarcely 
dissolves in water j ±a soluble with facility in alcoholj 
from which it may be again separated by mixing water 
wijth the solution* It also dissolves reailily in oilSj whe-* 
ther fixed or volatile. It is obtainctl by sublimation 
from tile laums campbora. But a small quantity na¬ 
turally exufles from t\u trees in grains^ and falls to the 
^ groyluL There is a very previous soj^t in Ceylon^ which 
is neveii imported into Europe : it comes from tlve roots 
of the cinnamon trees* 

A class of bodies should al:*o he inentionedj in almost 
every respect resembling resin3,except that one of afford¬ 
ing a Buhatance when submitted tq; distillation, which 
resins do not* Wlien heat is a^jpiied to these substances, 

" a volatile oil, as usual, makes its appearance, and trickles 
down the sitles of the vessel* But a little nearer to the 
source of heat, we find a vast assemblage of brilliant, 
white, downy crystals,, of great beauty: they have a 
fragrant odour, and an aromatic taste : ibey dissolve in 
times thqj^r weight of boiling water; and the solution 
reddens litmus, and neutralises alkalies* TIeiicc these 
crystals are an acid; and as they are generally obtained 
I'rom a resin call^ benzoin, the crystals are called 
lensok ucitL 

Any resin, whether soft or hard, which, when heated 
in a distillatory apparatus, affords an essential jil, and 
benzoic acid, is designated by a peculiar name : it is not 
called a resin, but a There are, however, 

suflatances of a resinous nature, which are commonly 
called balsams, Lidt whioli, as they,do not afford benzoic 
acid when distilled, are improperly so called : thus, the 
substknee called copaiba lakam is merely a resin or 
turpentine, it affording no benzoic 

There is another variety of resins, called gum resins; 
they are so namedf because they are composed partly of 
a resin and partly of a gum. 

The chief properties of pure gum—gum Arabic, for 
. instance—are, transparency, tastelessness, perfect solu- 
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bility in water^ vrscidfty of the solutionj capability of 
cementing fragments^ and of affonling a varnish^ its 
total insoiobility in spirit of wine/'^ 

The lifoperties are mostly intermediate 

b^wcen tliose of gum anrl resin : if they be digested^in 
watetj the gum dissolves, and leaves the resin insulated; 
if they lie digested in spirit of wine^the resin *dis8olves^ 
and leaves the gum insulated; fend if they l>e digested- 
in a mixture of snirit of ^ine and watei*, the efle^t 
tlie two solvents is exej^ted, or, ratlier, a liipior* of new 
powers is thus protluced, and a great part of both the 
gum ami the resin dissolves. Such a mixture is, there¬ 
fore, made use of in^pharmacy for extracting the virtues 
of gum resins, wbl^^i tliey arc to be used as medicines, 
Sometliing allied bf tlio nature of resins, although 
essentially tliftereut in most of its properties, is tlie • 
substance called Cuoi^tchouc^ otherwise named IjidiaTt 
ruhbf‘ry or gum It Js the exuded juice of a 

jieculiar tree, wfiicb ^^adually pours out when the Bark 
is stripped, ft is a milky liquor, that hardens when 
cxposeil to air, and becomes so elastic a^to permit its 
being drawn out into threads. A tolerably strong heat 
molts it into a liquid, whicli forms*an excellent trans-. 
parent varnish, applicable ^ iron'ntensik, in order & 
prevent their rusting, t'aoutchoiic dlJlolves in essential 
oils, particularly that of turpentine, in coal naphtha, 
and in ether; but it does hot dissolve in alcohol or 
water. Its solntions are usetl as elastic ami air-dose 
varnishes. It is, accirding to Faraday, compose^ en¬ 
tirely of carbon and hySrogen, * 

A substance, in frxtenml appearaHfcc somewhat re¬ 
sembling newly Boliditie<l caoutchouc, m^iy be obtained 
from wheaten Hour. A quantity of flour isT made 
into dough with 'v^ter: the dough is then well worked 
in tlic hand under the surface of a large quantity of 
water, until it no longer whitens the water. IVhat 
remains in tlie hand is the substance in question; 
it is of a gray colour, somewhat like new caoutchouc ; 
but it does not grow black by age like the latter. It is 

u 2 
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exceedingly elastic, and may be'‘drawn out to a tlim 
film; yet it will slirink ivitli elastic force to its former 
dimenaions^ wlieu aHowed Ui do so. It may be dried 
In a gentle heat; autl then it bccop^ea semi transparent^ 
ha^'d, and horny^ and very much resembles glue* ^pln 
Its moist state it undergoes a putrefactive processj after 
whichj and nDthcforCj itdissolvesj although not entirely, 
'in strong spirit of wint^^and llie solution is applicable 
the uses of a varnieh* Frtm the glutinous nature of 
this subfetance, it has been called 

(rliiten tJius obtained ought not to he considered a 
proximate principle of vegrtobies, if it be true, as has 
been affirmed, that it consists of kwo other proximate 
principles, which may he separated by kneading gluten 
in alcohol, until the spirit takes' nothing lurlher from 
^ the gluten- lly evaporation of the spirit, a semitrans¬ 
parent, yellow, brittle substance is obtained, of a sweetish 
taste; it is combustible, and burns with a voluminous 
flaAiCi Tills substance has obtained a name derived 
from gluten; it is called giiadin. That part of 
tlie gluten 'i^^hich remained in the band after being 
kneaded in the spirit of wine, is now hard, tough, and 
dark coloured. It is called by its discoverer 
from a fermeUt; but itt English it should be 

called siimomin/' 

Zimomin possesses one remarkable property, which 
may be turned to aome ‘account. When mijs^tl with 
that gum resin used itt medicine, called guaiacunij the 
mixture will, on exposure to the air during a few mi¬ 
nutes, become greenish blue^. Guaiacum powder mixed 
with wheat flour 'produces a ai^milar change, more 
intense as the* quantity of gluten in the flour is greater; 
and In this way guaiacum may be made a measure or 
test of the quantity of this indispensable ingredient* 
That flour which has been damaged, and in which the 
gluten is deficient, will afford a colour of little intensity. 
Perhaps the same property may be found of use to 
malteters and brewers^ ‘ 

The facta relating to aimomin and gliadin were 
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originally brought forward by Dr. TatUleij an Italian 
chemist. They have been called in question by Bcr- 
aeliuSj who admits that the gluten^obtained by kneading 
wheat flour under ftatpr, is certainly a compound of 
two proximate principles; but tliat one is the gluten 
of former cheniistsj and the other a substaiKe which 
has been foifnd in various vi^tables, called ^ 

albunietiy to distinguish it*from animal itbumen, here¬ 
after to be described. 

Vegetable albumen cAistitutea no loss than one quarter 
of tljc whole Tveiglit of sweet almonds ; and, according to 
Boulkyj is the basi% of emulsive grains place of 
starch; at leasts t% tlie test of iodine,•there is no dis¬ 
coverable quantity of autarch a.sao(riated with vegetable 
albumen in sweet Almonds. Ami 'FhihieTg^e also showed ^ 
that, in mustard seed, the basis is albumen, not star ch¬ 
in DouUay*fi opinhm, it is the great quantity of this 
substance presefit in emulsive grains, which renders 
them indigestilfle. jVccording to the analysis of Vogel, 
vegetable albumen exists in bitter almondsJout combined 
with oil; constituting a vegetable cheese,Amounting to 
iJO per cent, of the vfeight of the almonds* This 
albumen, like that of animals, is JicSuble in coLl watcp, 
but is coagulated by boilii%, and rendered insoluble: 
both kinds resemble each other also in the common 
quality of ctiunteracting the* i>oison of corrosive 311 b- 
limate* — It has been shown by EinhofFand 

Vogel, that Iwth star^i and vegetable albumen exist in 
tlie nutritive grains; lk\e latter only in a very binall 
quantity, ^ ^«« 

The water in which flour has been kneaded, with a 
view of separating the gluten, is renderetl white.with a 
quantity of floating powder. If this water be allowed 
to settle, a fine white sediment will subside which, 
when collected and dried, constitutes starch. 

Starch dissolves in neither cold water nor in spirit of 
wine; hut it dissolves in hot water with facility, and 
forma a kind of jelly of well known use. 

One of the moat remarkable proper ties of starch, or, aa 
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itis otherwise calledj fecuia^ is that of being convertible 
into sugar hy the action of diluted sulphuric acid* 
When thest^ two ingredients are boiled together for a great 
length of timo^ and some chalk addedj the liquor^ when 
strained and evaporated, will furnish crystalline sphe¬ 
rules of SJgar^ the (juantity of which is about one tenth 
,greater than that of tjie starch* This sugar is con¬ 
vertible into ardent spiritj lik.’ the coToinon kind* Kven 
Toixfij^'e of starch and exposed to each other^s 

action for two yearSj is found to''con tain sugar,. 

A natural process^ similar ^to this in its results, takes 
place in *he malting of barley : the starch of the grain 
is converted info sugar, as will he hereafter shown. 
Starch also appears convertible into a kiiul of gum, hy 
f slightly scorching it: it then dissolves in cold water: 
it is called in the arts, British gum* 

Starch ia afforded, not only from tile different kinds 
of grain, but from potatoes, and many other kinds of 
vegetable substances* Potato starch is often substituted 
for another kiM<l of starch, much in deni anti as an article 
of food, calleVl arram root^ which is obtained from the 
roots of a West India plant. The nutritions substances 
Called mffO and tapifK^a, or maaDfif are merely varieties 
of starch extraetj^d from difUrent sources, I'he presence 
of starch in any thiilg may be always detected by the 
aRure blue which solution of iodine added to it produces. 
From the facts stated, it appears that the nutritious 
grains consist of gluten, vegetable albumen, and starch ; 
OJ, according to Taddoi, of the two last, with zimomin and 
^iadin. The star«-h of potatoes, as w^l as that from grain, 
is convertible, by means of sutphuric add, into sugar. 

Sug\iir obtained in this way is by no means com¬ 
parable, in point of sweetness, and purity of flavour, 
with the kind which ordinarily obtains that name* 
The sugar of the sugar-cane need not he desenhed. 
There are two. kinds, soft and hard; the latter being 
the purer, although it may be still further refined* 
Either kind, if dissolved in a small quantity of water^ 
and exposed to cold, will fortn into regular crystals; 
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these are called candled JfUffar: the colour of the crystals 
will be the same as that of the su^ employed. When 
the juice of the sugar-cane ia siiffidently purihed and 
evaporated, the siijjjhr tcrysUtilises in small grains ; and 
the blackish brown syrup which remainsj is catleil two- 
or treach. • 

The averlf^e produce of raw ^ugar, from 100 gallons ^ 
of cane juice, is lOS pounds ; and the ayerage quantitj’ 
of refined sugar procurable from 1 cwt. of Sugav 
is 6l pounds, along with IB pounds of bastards, and 
28 pounds of inolasHt'Sj ^ five pounds being waste in the 
process,'*^ 'JTie atii^ysis of sugar will bo hereaiUT given 
under the can side jatioji of ferine ntat ion, 

Sugar is derivetF frpni many sources : it is commonly 
obtained from the sugar maple tree, from beet root, and 
grapes. The first method is resorted to in America ; 
die two last in France,' Grape sugfir is easily crystal- 
lisable—not into regular crystals, but into grains which 
form groups •of a :;rbercular*shape, resembling those 
observable in cauliflowers. Nothing is ^easict than its 
forniation : grape juice is to bo saturated with chalk, 
clarified with white of eggs or blood, and evaporated. 
After eome days, it assumes thf^ ftinn of a crystalline 
mass, — ( hi. 201,) 

The substance to which the matter 

has been Applied, is no lo](jg*.r atlmitted as a peculiar 
proximate principle. It is quite dear, tiiat if a vegetable 
he boiltHl in water, removed, and the water boiled tlown 
to a soft-solid consisloince, the result must be a iryxtune 
of all tlic soluble substances which^^the vegetable con¬ 
tained, There ia, hierefore, no such thing as extractive 
matter known, • ^ 

But there ia a substance obtainable from certain kiiuls 
of vegetable matter, by the above-mentionerl process of 
extraction, which possesses remarkably distinctive pro¬ 
perties. It may be procured from oak bark,^ut galls, 
and some vegetable substances which have an astringent 
taste, by boiling in water, and evaporating the decoction 

, * port&r on the Sugaf Cane, Landon^lSJO. jip.?! 27^, 

u 4 
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to dryness ; a mass will result^ containinj^ several ingre¬ 
dient s, — amongst wlycli is one, in particularj of great 
irnportrincc in tlie arts^ it is called tannin ; and it is so 
named hofause it is the material er^ployed in tanning 
leatlier* To obtain tannin in a state of purity, a com¬ 
plicated pi^cess is required : in gall-nuts it is associated 
witli gallic acid* Dr* '^'umcr recommencia Mr* War- 
modification* A concentrated hot infusion of 

tJ -u 

agitated with wdiite of egg, and the mix¬ 
ture filtered* Sulphuric acid i*. added to the liquor 
when cold, as long as a precipitate falls* *riie precipitate^ 
consisting of sulphuric acid and tannin, is washed 
with dilute sulphuric acid, presseiL in folds of blotting 
paper to flry it, d^ssol^^ed in wate^, aiid macerated witli 
fine powder of carbonate of lead* By -filtration, a solu¬ 
tion of tannin is obtained, which, by evaporation in 
vAicuOy affords a li^rU mass* This, digeste^l in ether, 
filtered, ami the filtered solution evaporated, leaves pure 
tannin. 

This substance is inodorous and colourless. It has a 
rough, astringuit, bitter taste* When its solution is 
dropped into isinglaKs dissolved irwwater, a precipitate in- 
stitptly appears, w^liicL ^ i>erfcctly insoluble in water* The 
same happens with solution oCglue, or gdutim, hereafter 
to lie described* ^ Tile gelatine, to be acted on, need not 
be in solution : it 'ivill suceged also in the solid state, if 
it can be penetrateil by the tannin* The Stina of 
animals arc composed almost entirely of gelatine* The 
process of tanning Iniles depends upon these relative 
properties* The^ fpiin is immersed in an infusion 
of oak bark, the tannin of which, combining with the 
gelatine ^f tlie skin, renders the latter hard, dense, tough, 
and insoluble, and counteracts ita tendency to putrefac* 
tion* The skin is now converted into leather, or it is 
tanned. There are many substances which contain 
tannin, ajd may be economically applied to this use. 
The tannin procured from these sources has different 
properties, and different names. The suhstenccB called 
kino and catechu, contain a large quantity of tannin. 
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but the properties differ in some respects. An nrtifit'iul 
tannin has been foiniud by dissolvinfj; charcoal in ililuie 
nitric acid^ which possesses the property of forioinf^ an 
insolulde compoun^l* with gelatine : and is^ therefore, 
capable of tanning. In Bienne respects, this kind* of 
tannin differs from the natural. * 

Ail kinds •'of tannin may hq obtained in the solid 
slate, hy evaporating the ^tcr at a low temperaturc* ^ 


•ciJAi*. iir. 

* 

COUPOLWDB OP ELKHIENTS ,AS PHESENTED BY 

THE ANlilAL KINGUOJU. 

In a former part of this volume, lias been shown 
that vegetables are composed of three principal ingre- 
clients—oxygei^ liydi. gen, andTarhon ; uiiih-d, in some 
cases, with small portions of azote. Animal matter is 
distinguished by the consJtint presence of a much larger 
ijuantity of azote : fliers is aUo generally a greater pro¬ 
portion of carbon than is found ^*vegetables, and thp 
carbon of animals is much k&s easily combustible* 
Reside these elements, we oceasioVillily find others, 
which arc common to the tjir.je kingdoms of nature. 
These will best appear by stating the composition of the 
chief parts of the animal body. 

The solid part of consists of phosphate amhcar¬ 
bonate of lime ; but, besida^these cojjjijpunda, there are 
two other ingredienfe, which exist in recent bone in 
considerable 4iuantity, and impart firmifcsa to a^fitruc- 
ture which, without them, would be brittle, and even 
friable. These substances are cartilage and gelatine^ 
Fat is also present, which adds somewhat to the tough¬ 
ness* 

Cartilage may be obtained from bone, by immersing 
It for a length of time in dilute muriatic acid ; the 
earthy and other salts, and the gelatine, are all dissolved 
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by the acid^ and a auhstance remains^ still preserving m 
a great degree the form of the bone. When the ad¬ 
hering acid is well washed away, the substance ivhich 
remains is cartilage : but if the mwiatie acid had been 
vet^ much diluted, it will dissolve only the salts^ and 
tile residyum will consist of both gelatine and cartilage* 

When bones are hoiletl for a length of time in water, 
gelatine dissolves, and fJie water, on cooling, will 
^ehithd^^ ; that is, will become a trtnimlous jelly. The 
fat is found tioating on the surface. The hone now 
consists of the same ingredients as before, without the 
gelatine. If the original bones were derived from a 
young animal, bad been broken to yjowder, and boiled 
for a great length of time in water, both the gelatine 
and cartilage would dissolve, and nothing would remain 
In the bone hut the insoluble earthy salts. The diffi¬ 
culty of dissolving away the cartilage increases with 
the .age of tlie animal, and the quantity of the cartilage 
diminishes in proportion as the anima’ is old. The 
bones of very young animals are almost entirely car¬ 
tilage ; and flie cartilage of old animals ia often par¬ 
tially or totally converted into bone* TJie skeleton of 
the man in tbe anatomical muReum of Trinity 

College, Dublin, affords extsraordinary instances of the 
conversion of dartilaf^ into bone through disease, even 
in comparatively early age* The cartilage of some 
parts is more easily soluble in boiling water thSi others ; 
and sometimes a portion will occur, which no boiling in 
Vrat<j^ will dissolve. Bones boiled under the pressure of 
a Papin's digesi^^t more easily give out their gelatine 
and cartilage, but the taste of the'^solution is empyreu- 
matic,- if not "kmmoniacal: a loosely covered vessel is 
best. 

When strong solution of geUtine cools, it becomes 
somewhat stiff* and tremulous. If the solution be boiletl 
down considerably, the residuum, on cooling, becomes a 
hard, brittle, transparent substance. These changes 
are well understocHl in the culinary art. When bones 
or meat are boiled, the gelatine which they contain dis- 
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solveii in the wat«r. This waterj now consisting chiefly 
of dissolved gelatinOj constitutes broth or soup: aiulj if 
it be alio well to cool, it ivill fom nnimal jelhf, which 
may be flavoured fithlT with sweet or saline and aro- 
matic condiments. If tin? mere jelly be boiled dowfl so 
that the water shall be almost entirely evaparatedj the 
gelatine an if cartilage which remain willj on cooling 
solidify, and form tlie hawl transparent substance called 
jJOrUfhk wfien it is obtained from escijjcftf maJ 

terials ; or.^^//^^ when ft is prepared from indiscriminate 
sources, such as skins, Jiorii*, hoofs, bones, and the 
foetus of the cow obtained from slaughter-hoyscs. 

Thus, lx>ne is tfouiposed of a number of materials: 
accoriling to Berzelius^ it contains^ gelatine ami cartilage 
32'l7j blood vessels fluoride of calcium phos-^ 

nbate of lime carboTiate of lime phos¬ 

phate of magnesia l*l()j and soda^ wilh muriate of eoda, 
and water, il^ne ashes contain also sulphate of 

lime, in some* way generated 'luring burning* When 
bones arc heated red-hot in a close vesBel, tjie whole of the 
animal matter is dissipated except tlie a^imul churcoai/ 
and this gives the rcsMiuiin an intensely black colour* 
Bones thus burnt to blackness, aifd*finely powdered, are 
knowui in commerce under !he name of ivfir^ black. But 
when hones are burnt in an open fire,%ven the carbon 
is burnt off, and the residut*m is perfectly white: it ia 
then calletl bone ashes, and is of extensive utility in 
various arts. Duriup^thu distillation of hones, carbonate 
of ammonia is generiHed in large quantity; add the 
larger, if much comyion ai^ finds itss'^iy into the vessels. 
Beside this, an empyreumatic oil of insupportable fetor 
distils over, * * 

The presence of gelatine is not confined to the bones; 
it is also found in those fleshy collections of fibres called 
muficlesj in which resides the strength of the body, and 
which direct and originate the motions of the bones. 
Not only is this substance contained in muscle, but an 
additional quantity may be formed by boiling muscle 
fpT a great length of time in water. Gelatine ia, there-. 
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forCj crtie of tlie ingrcUicnLs of muscle ; but there 
another of far greater iinportaiicOj anti present in rrmch 
greater quantity^ When iiiiTscle is well washed in re- 
|)cated quantities of waterj from heiftg red it changes to 
white; mere inspection will then evince that it is com¬ 
posed of □‘ Vast number of fibres, and from this circum- 
, stance it is called ; the gelatine has-been washed 
^away^ and may be found in^ tlic washings* It is not 
fhere iflecc>ssary to advert to the fat, the Cellular subs tan ce, 
the blood vessels, and merves, \tluch are diRseuiinatcd 
throughout tlie substan^^c of the fibrin constituting 
muscles. 

h'ibrin, while recent, is elastic: but, when perfectly 
dry, it is somewhat horny and tre^sparent* In neither 
state has it taste or smell* \V^hen tlilute nitric acid is 
made to act on recent muscle, azote in a state of purity 
is given out abundantly* Fibrin or mu sole is converted 
into fa jelly by the action of strong acetic* acid and heat; 
some azote U given off when the jelly Ss dissolved in 
water; and, by strong sulphuric acitl, die fi.bre is 
eliauged into a^substance called leudne white), 

without any production of eulphwroua acid. The pro- 
cecs is, to heat a 'p*ece of inuscle, well washed and 
wiped, with about its own*'weight of sulphuric aciiL 
Dilute the solntifiti thus obtaine<l, when cold, with water; 
boil it for nine hours, constantly supplying the waste of 
water. Saturate witli chalk; filter; and evaporate to dry¬ 
ness. The refctiduum shoul<l be boiled in alcohol. On cool¬ 
ing, tfie alcoholic liquor will depoait'ieucine. It is a white 
powder, which hp" ^he taste of boiled meat, and, when 
heated, emits the smell of roasted m'eat* This anhstanoe 
acts as -a compound acidifiable base. Nitric acid con¬ 
verts it into a crystallisable acid, called mtroieucic. 

Beside fibrin and gelatine, muscle contains (tnima,i 
albu7nenj presently to be described* But a much more 
important substance is also present; it is a kind of ejc- 
tractive matter, which is supposed to be the chief in¬ 
gredient that communicates to soups and broths iheir 
peculiar taste and fiiuell: and the greater the quantity 
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present, the hotter is#the soup. It was iliscovexecl by 
Thoavenelj and was named hy Tlienard osma^soTru 
(oiTfiijj smelly broth), Ir may be formed by 

macerating and pressing slices Sf raw muscle in suc¬ 
cessive quantities ot co%l water; evaporating the m^cd 
waters by boat; skimming oIf the albumen as it coagu¬ 
lates ; allowyig the evaporatiOTi to continue gfntly until 
the consistence of a syrup be Attained, This is com«i' 
posed of a little gelatine, tbe salts presenf in the ^scle, 
and osmazoine. By dissolving the syrupy iftaTter in 
alcohol^ the osmazome only dissolvesj and it may be re¬ 
covered by evaporating tJie aTcohol. It is soluble in 
water; does not gekdinise it; and the solution is not 
coagulated by hedV Its concentratorf solution has an 
acidulous tayte ; and "tliis is very'perceptible in strong, 
well made soup, ^ • 

When muscle is exposed for a great length of time 
to a constaTit stri "iTn of running water* it becemes totally 
changed in its appe^’ranee. Jt now possesses sonle of 
the ]jroperties* of spermaceti, and is fusible and com¬ 
bustible ; it is called adip^focre* Ncarly*the same sub¬ 
stance may be fortned by digesting muscle in dilute 
nitric acid j or it is proSufcd when^ead bodies, in great 
numberSj are left in a boa|>, and tovered up with earth 
in such a maimer as to exclude the air^ Some suppose 
Uiat adipocerc is merely the fat a little changed, which 
is found disseminated tbrotlghout all musckj the fibre 
being decayed aivay. Others conceive that it is a real 
conversion of tile mi|^culaT fibre into fat. I bav^ ob* 
servcil that alum Icaftier, cut small, and digestetl in 
dilute nitric acid, is^at length convertAi into a fatj per¬ 
haps of this kind. , 

Nearly allied to gelatine in their nature are the tendtmffj 
which muscles terminate in, and which conjoin luus^ 
des with bones; the ligaments^ which connect the joints 
of bones \ the membranesj which form cavities or line 

*Tfte popt Souther the following note to hU Thulaba, Li. 

— ” Tlie iKfiiile of Enjjlnnd tiavo IcHijf L>i>eti ocqitiiiNted with tbm 

chanjce wl]]i:h tnuecuiiir fibre undCTgu4>h Jjefbre ifie (^Lrcunutanco wu 
lEitown ta piiiloi 0 |>horflt I have lieard them exyrew a dLslike and Loathing to 

KperniAcotitUvcausts it u/ae dc^d nicu^a fnV ** 
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them ; and the cutU twra, whicln covers the hotly. All 
these, when boiled in wa.ter, afford gelatine in abund- 
ance^ but no fibrin '* they arc almost entirely soluble 
in water by long boilifig : tendons dissolve completely. 

There is an abundant aniiniy proximate principle 
found in many parts of the animat stmciure, called 
albumen :*h occurs nearly in a state of parity, in what 
VS called the whUc off* the egg. It is soluble in cold 
wat€;r, but coa^^ulatcs when the solution is boiled, Egg 
*klbumei? by continucil moilerate lieat, may he solidified 
into yellowish, brilliant Hakes, w^iicli are still soluble in 
water. 1 found that 1^ av,°rage hen eggs aiibrd Ij 
ounce of perfecdjj dry albumen* White of eggs instantly 
decoinposes solution of corrosive suhlmate; a precipate 
appears, consisting Jf calomel abd albumen, widchj of 
f course, is not poisonous. Hence, while of eggs is used 
as an antidote to the poison of corrosive sublimate. 

Of this albumAi in the coagulated state, along with 
gelatine, are composed rmik^ hornHf antf hoofi. 

Tlie brain has been examined by Vauquelin and 
John ; and, iii this difficult analysis, a surprising coin-* 
ddence between their results may be observed. It is a 
curious fact, that yi the brain*bf man no less than 80 
' pJr cent, of tlio weij^ht is water. According to the 
analysis of Vai^uebn, lOO^arts of human brain con* 
gist of 80 parts of water; 4-58 of W'hite fat; 0^7 of 
red fat I of osmazome, 7 of albumen ; of^hoa- 
phorua, united with the fate; 5’15 of sulphur, biphos- 
pliatq of potash, phosphates of lipie and magnesia, and 
othel* salts. Of such materials ft the tliinking organ of 
in an composed* ^ I'he spinal ina^^row and nerves are 
Pimilarly consti^tutetl, ’'I’he ratio of water in the brain 
of the talf is also 80 per cent. 

Of the fluids of the animal body, one only need he 
noticed, — the blood: this fluid is intimately connected 
with functions the most important to life of any other, 
— respiration and the generation of animal heat. 

Of the appearance of blood when firste drawn, little 
need be aaid; it ia well known to be a somewhat viscid 
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red liquor^ exhaling a vapour of a peculiar odour. When 
it is left at rest a few hours, its appearance is very much 
altered: it has separated into t^o parts: one quite 
liquid, of a greenish whey-like ^pearance, and hence 
called am^mn: the oth'er is an elastic firm jolly, of a 
crimson red colour; this is called tlie 
because it of a tliick consistence, and rSsembles a 
deposiL « 

This mass is generally ft liHle cupped*on its fe^face, 
and rounded every where else. If drawn injf state oi^ 
disease, it is sometimes much more cupped; and the 
fibrin, se]>aTating from tl^i colouring matter, appears on 
the surface of craseamentum of a buff colour, hence 
called the ! tbest^ are frequently symptoms of 

the existence of inflaftunation ; ahd the cause of them 
has given rise to'much unsatisfactory dijeussion. The* 
crassainentviin is less almiidant in proportion as the 
animal is exiiau ^ted hy disease, or haS lived upon scanty 
or deteriorated ^ood* In ftetal blood, the crassameiltum 
contains less tfbrin than in more advanced life. 

If some crassamenLun of blood be washed w’ith re- 
peated portions of cold wafer, it totally parts with its 
rod colour to the watef, becomes Tj'hite, and a fibrous 
matter remains, which, when Subjected to analy^Sj 
proves to be the same as lift substance jlready described 
under the name of fibrin, as ol^tainahle from muscle. 

If the water used for washing away the red portion 
ol’ the blood he evaporated to dryneea, at a heat much 
under boiling, a very <larkj almost blackish red^ sub¬ 
stance will remain. This is the coioitrhfff ntati^r of 
tJie blood; obtainet^n tiie foregoing manner, it is solu¬ 
ble in water, and in several acids antL allcalies. Sul¬ 
phuric acid, diluted with 8 or 10 parts of water, 
and lieatcKl on the colouring matter, dissolves it, and 
forms a beautiful lilac solution. Nitric acid destroys or 
injures its colour. Alkalies form deep red solutions 
with it In cold-blooded animals it is easy, with the 
aid of a microscope, to perceive abundant globules, 
floating in the serum: and if human blood be agitated 
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■while cooliiif^, and the fibrin ■which separates be re¬ 
moved, the liquid will, on staudinp some lime, <leposit 
the colouring inattei, which the microscope Tvill dis¬ 
cover to conflist of hiinutc globules. This colouring 
matter is now believed to consist of animal matter. 
The French chemists asserted, that it is composed of 
the suhpTlospliate of iron dissolved in serum: but this 
statement has been proved to be incorrect. 1''he glo¬ 
bule combirteil with pero?ride of mexcurj^, affbril a 
*^erman{^t red dye. WooUen cloth, iinpregnateil with 
solution of corrosive sublimate, and dipjied in watery 
solution of the colouring, matter acquires a red tinge 
which soiip does not remove ; and calico and linen may 
be dyed of the same colour by the i^ame meang, except 
tlmt the solution of the colouring matter sliouM contain 
ammonia. Tlie difficulty of washing out the stains of 
blood is well known, and has often been the means of 
detecting the muJderer, There is^ however, no doubt 
tliat iron exists in the red globules of the blood; for, 
when tliey are burned to ashes, it baa bfeen found that 
one half the \^eigli^ of the ashes is oxide of iron* The 
other ingredients of the ashes are lime, phosphoric acid, ^ 
and carhonic acid., It is scarcely credible, that 1 
gfain of oxide of irOn can communicate to 40 ounces 
of blood the iryense hue wliich it possesses; yet, ac¬ 
cording to Pearson, this is the ratio of iron contained 
in itj and the estimate of lierzelius differs very little 
from this- Professor Wurzer has lately detected traces 
q{ manganese in the blood. 

What the cause of the coagulation of the blood may 
be, is unknown, Some affirm that exposure to oxygen 
retards coagulation; others say it accelerates it; others, 
again, deny any effect to iL It happens in a vacuum ; 
and, it has even been said, more rapidly. The previous 
health of the animal affects the celerity of coagulation : 
the less intense the powers of life, the more speedily 
the blood coagulates. It is found, that passing two 
ligatures round a vein, at a distance from each other, 
BO as to include and confine a quantity of blood, pr&- 
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aervcB it in a semifluid state far a length of time. And 
we know tfiat the blood drawn by leeches^ and letained 
in their IwiJieH for months^ wiii he diegorged in the 
same semifluid st^te. During fainting^ in drowned 
^lersonsj and those killed by liglitning, the blood^loe« 
not coagulate. The last fact has been questioned by 
Dr. Scu<larqjpic; but, aa 1 think, on very insuffirient 
grounds, Coagulation is prevented by agitation, afr 
tliough the flbrin sejiarSteBj or by edinmixtu^^'. with 
solutions of certain i^kalics and salts, altbcffigh other 
salts acid several acids promote it, 

1’he serum of blood oonguFates when heated to 156^ 
or l6o^, nearly inMie same inaiiner the ^ite of an 
egg, but the coloi% is not a pure white. If the serum 
thus coagulated he in slices, and pressed, a fluid 
will exude, which is called the ^erosUtf of blooch 
consists chiefly of water holding a little altered albumen, 
and a little common salt diseolveJ, I'he cuaguluin 
that remains is albu neii, 3ervm is composed of water, 
salts, a little soda, and albumen. The ratio of water is 
00 per cent - t 

In fine, it appears tliat blood is composed of two 
proximate parts — serum and craJ^^ament^m; or, as ^he 
latter is otherwise called, r^uor or clot: that serum is 
composed of the following subproximaljg parts,—water, 
albumen, soda, anil some salt^ of soda: and that eras, 
samentum contains, as its‘constituent subprosimates, 
fibrin, albumen, red colouring matter, a little iron, and, 
as some say, a little carbonic acid, * 

In the body of an animal, a variety of fatty substances 
exist: fionie of them, at common temperatures, are very 
hard, as tallow; others are soft-solUla^ as hog's lard, 
butter; and others are fluid, as oils* In the small spaw 
diat can be devoted to these suhstances, it would be 
in vain to attempt a separate account of each ; I shall, 
therefore, describe them generally, and enter a little into 
the nature of soaps. 

Fats and oils were conflidered as Komogerieoiis 
JjEOiimate principles of animals and plants, until the 
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Teseardies of Chevreul and Braconnot demonstrated that 
they are niixtlires of several* Chevreul^ in his early re- 
searchesj founds that by heating fat in alcohol it diit- 
uolved; and tliat^ as it cooled^ a p^ortion separated in 
cry^als: anotlier portion did not crystallise ; it remained 
difisalvod; aiidj by distilling oif tlie alcohol^ the nn- 
crystallisa6le matter was obtained in the,form of an 
v^’ly Huhl* Tlic crystals sable mathsr he called 
[he oUy fluids Bracoiinot, without being aware 

of Chevi'isaiVs experiments^ effected the same separation 
by a mechanical and more simple metliod. He wrapped 
up lard in many fohls oV blotting paper, and applied 
pressure : ^the jiaper absorbeil a portion, but left a resi¬ 
duum, which, when purified by bcju*^ mcltetl in oil of 
turpentine, cooled, and again su'ftjccted to pressure in 
* blotting pai3er,,wasa dry, brittle, inodorous, semitrans¬ 
parent mass, of a granular texture* It soltened with 
difficulty by the tieat of the fingers: it was scarcely 
soluble in boiling alcoltol: the blotting paper, when 
boiled in water, gave out what it Jiad absorbed ; it wa% 
a bquUI oil; TUO parts of pork lard afibrded 6S! of this 
oil, and *"S of tlie suet. The euet described by Bra- 
connot seems not to ^l)e the same as the crystallised 
substance obtained by Cbcvjcul ^ i'or the former was in¬ 
soluble in aicohpi, ami the fatter was obtained by crys- 
talHsation of its alcoholic solution. Braconnot, how¬ 
ever, found that vrlieti his shot was acted on b^n alkali, 
it was decomposetl into an oil and adipocere, both of 
which were soluble in alcohol; thij adipocere, tlicrefore, 
is probably identical with Chevreul'e crystals, 

Braconnot has'shown that variow fixed, oils, by being 
frozen and presised in blotting paper, may he separated 
into Etearine and elatue* The stearine was white, briL 
liant, inodorous, insipid, and firm ; 38 parts were ob* 
tained from 100 of olive oil; and it required the tem¬ 
perature of to melt it* 

Cbevreul next proceeded to investigate the nature of 
various other fatty bodies, and succeeded ia establishing 
the existence of several new animal proximate prineipleBb 
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In butter he discovcreil an oily liquid, which, at 32'^, 
does not solidify. It is soluble in boditig alcohol^ but 
not ill water: it has the peculiar Binell of butter, and is 
sometinies white, sometimes yelfew ; to thia he gave the 
name of but^rinet. From spermaceti lie scpara^d a 
crystalHsahle matter, whioli he called cetine: from por¬ 
poise oil hcpprocured an oil very soluble in liot alcohol, 
denominated phoi'rnijw: and, sheep's and deers' fM, 
he discovered hij;ciTiej a peculiar oil. * ^ 

When soap, cortipo^**! of lard and potashes dtllused 
through a large quantity of water, Chevreul ascertained 
that a portion dissolved; add another portion, being 
^ insoluble, was depflsitefl in pellets of a brilliant white- 
neas, resembling j|notiter o±' pearl* iVis insoluble por¬ 
tion was dried, an if digested, in a large quantity of 
water, at about 60°, for ten days, duyug which tim^ 
it hatl dlled up* The liquid was then hltere<i ; die in¬ 
soluble portion^ was well washed, dried, and digestetl in 
alcohol of 0’820: part dissolved, and part did not* 
Muriatic acid^being addetl both to the alcoholic solution 
and the portion insoluble in alcohol, a {atty subs tan oe, 
in both eases, separated, which was soluble in boiling 
alcohol, and was deposited in c^y^tals as the solution 
cooled. When well purified from alkali that obstinately 
adhered to it, it was a tasteless, pearly ^white substance, 
lighter than water; it melted Into a colourless liquid at 
133®; and, when cold, crystallised into brilliant white 
needles. It was soluble in boiling alcohol, but was de¬ 
posited in cryatala as^he solution eooletU Tothk sub¬ 
stance, on account of ils resemblance to pearl, Chevreul, 
at first, gave the nafne of 'fnargarinef but lindiug that 
it reddened litmus, and decomposed alkaline carbonates, 
he called it margaretia acidy —name since changed to 
margaric mid. 

The two portions of muriatic acid that had been 
added to the original alcohoUc solution, and its insoluble 
residuum, were next examined: the portion which acted 
on the soluble part liad taken up one twelfth of its 
weight of potash, while that which liad acted on the inso* 
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lubic matter containetl very son all traces of alkali* This 
was tlie caufae uf the difference of solubility. It appeared 
that Tnargaric acid ediubines with potash in two pro^ 
portions^ — forming a margarate and bimargarate of 
potaiiL 

T^he orij^inal soap of lard and potash^ when diffused 
in water, had partly dissolved; tliat whid^did not dis- 
stilve being the portion vrom which the inargoric acid 
^as ol^tained, ’The soluble iHtiiion was decomposeil by 
tartaric add; an<l a substance was tlius separated, pos¬ 
sessing acid properties: when sufHcieutly puriffed, it 
Tvaa very soluble in alcohol, insoluble in water, fusible 
at a low d^-gree of heat, and crystadisable* Its colour^ 
is yellowish; its sniell often rancid J its appearance, 
wlien liquid, oleaginous: it powetfully reddens litmus, 
^nd combines with alkalies and earths* This is an acid 
€ui generis j- and Chevreul gave to it the name of oieic 
aeid. Thus, both margaric and oleic acids combine 
with alkalies and earths, forming salts, which are com¬ 
monly denominated soaps* 

During tlie^ investigation h, Chevreul observed, that 
sometimes what be conceived to be margaric acid, con¬ 
taining a less ratio of oxygen, was obtained, and that it 
manifested properties somewhat different. At length he 
ascertained that/jt is a different substance, and he gave 
it the name of stearic acid. It Is produced at the same 
time, in the same manner, and from the same substance, 
as margaric acid: they are botli formed from stearine. 
But margaric acid melts at ]40^,<whi]e atearic acid re^ 
quires 18 degrees higher. 

Chevreul nexf* proceeded to inf'estigate the results 
which the different other fatty substances, discovered 
by him, ivouid present during saponification. When 
butter was converted into soap, by combination with an 
alkali, decomposed by means of an acid, and the result¬ 
ing matter put through various other processes, he ob¬ 
tained, in a r^parate form, no less than three acids, each 
possessing distinguishing properties: the ^rst he called 
butyric j the second vaproiej and the tliird capric. The 
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two last Tvere so named because they arc procurable from 
the butter of the goat as well of the cow. Beside 
these acidsj others^tye discovered, which he denomi- 
nate<i phofuyniiy arid hircic^ being derived from pliQce^ 
nine and hlrcine* ^ 

It appcar^ifrom these researchcSj that fats and oils do 
not;^ in their natural state^ conta’nv aeida, as ready formfti 
constituent parts; hut that^ when the faf or oil is/orm^ 
into a Boap, by combyiation with an alkali-^r earthy a 
change is produced in the constitution of the different 
fatty principles above-naified, which deterinines the form¬ 
ation of the acids/ As soon as the^acids dte forrnedj 
they unite with tit alkali^ or eartiij which had been in¬ 
strumental in generating them^ by decomposing the fatty 
matter: and the salts^ formed, by thft unioUj remaii^ 
mixedj or loose!)' combined, and fon^j soap, Thus^ hartl 
or common soi\p is m'lde by combining soda with oil; 
and it is to considered as •consisting of niargaratCj 
stearate, and oleate of sofN, Soft soap is made by com¬ 
bining potash with oil; and it is to he coiftidered as com¬ 
posed of margarate, k^t^arate, and oleatc of potash. It 
is also to be understood, that iii,*e oil, previousl)^ to 
combinatioii, there was not one of the three acids pre¬ 
sent; they being the result of ^‘he cb^mical action of 
the alkali on the etearine an^d elaine, of which oil is 
composed. 

It should here be mentioned, that when tallow^ or 
hog's lanl is distilled a retort, by a brisk lieat, aij acid 
of a peculiar nature distils over, along with some acetic 
acid and water, l^has obtained the name of sebacio 
acid. It ja crystallisable, and enters into various com¬ 
binations; but ia perfectly different from those above 
described. 
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CHAP. IV. 

COJSPOUNDa OF ACIDS WITH METAIjLIC oxides and 
NON-METAIJ ilO ALKALIES. 


UliE affinity which acid^ manifest for metaUic oxides, 
i;*cliidKig alkalies and earths^ has been explained in va¬ 
rious part^ of this volume. The resulting substance is 
called a salt. The number of salts now known to 

i 

chemists is immense, and such as precludes the possi¬ 
bility of giving e''’'en the shortest description of them in 

so small an elementarv work as this. All that can here 

'' 

be done, is briefly to notice the circumstances under 
‘Ivhich the acids*^pmbinc with tlie alkalies, metallic and 
non-metallic, the metallic oxides, and those formerly 
called earths^ 

The generality of acidc enter into combination with¬ 
out undergoing any change; and form a salt in which 
the acid exists, just as it did while insulatefl, so far as 
composition is concerned. Others not only suffer de¬ 
composition themseUe", when they combine, but effect 
the decomposition of die bas^, if it be a metallic oxide ^ 
and various suV^tance^ result. Of the first class are 
the following; and to form them, all that is refjpired to 
be done, is to saturate the respective acids with th^ ne¬ 
cessary base. 


* Adds* 
Nitric - ' 

Carbonic ^ 
Sulphuric - 
Hyposulphuric 
Selenic 
Iodic - ■ 
phosphoric 
Hydroxanthic 
Siilphonaphthalic 


BaU9. 

N^rates. 

^ Carbonates. 

'S Sulphates, 

Hyposulphates. .. 

Seleniates. 

lodates. 

Phosphates. 
Hydroxapthates, 
Sulphonaph thalates. 


And all the vegetable acids^ 
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When the acid ends in the syllable the ealt foyned 
from it is made to end in aU* When the acid termi¬ 
nates in onfi^ its salts are distin^iehed by the terniin- 
atioTi Thus, * * 


Sulphurous 
Selenious - 
H y poph osphoToiiB 
HyposulphuTOUB i. 


J 


enters into coin- 
bin attun/^ and 
fpims 


Sulplyt es* 
Selenites, 

H y pophosph i tA, 
flyposulpjiites-^ 


Sometimes the insulated acid cannot be directly sa¬ 
turated by a base^ witlic^t oc^sioning dfi^mposition of 
the acid \ yet^ hy indirect means^ its waits may be pro¬ 
duced, Thus, if| we attempt to satilrate liyponitrous 
acid with a base^ the*acid is resdlvcd into tleutoxide of 
azote and nitric acid. By boiling 10 parts of nitrate o^ 
lead with 7'3 of metallic leadj we obtain a compouml 
of hyponitrouH acid and lead, whidtij if mixed witli a 
bisulphate of flie hate reipiircd, affords^ by donblt de¬ 
composition, i byponitrite of that base. Some acids do 
not combine with bases at all, being decomposed when 
presented to them, and no indirect means being known 
of forming them; althingh, in sucji cases, they do not 
decompose the base. 'J'his happens when bases 
presented to nitrons and*chlariotHc acids; hence, 
hav^ neither nitrites nor chloriodatcs. The same ob- 
serriSttion is applicable to sfeveral other acids, but with 
this additional circumstance, — that the bases, if metallic 
as well as the acid% are decomposed; and tha^ com¬ 
pounds are formed, iA which neither the origin£fl. acid 
nor base exists* ^ the pbenomena attending the pro¬ 
duction of sn^h compounds are of gre^ interest, it will 
be necessary to make some observations on tbj&m more 
in d^il. 


Until about twenty years since, muriatic acid was 
supposed to consist of an unknown base combined with 
oxygen ; and it was thought that it combiucB with 
bases sitnplyi by satumtii^ them. 

When muriatic acid is poured into solution of potash, 
it was thought that muriate of potash resulted ; and that 
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wheji the solution was evaporated, anti erystala formed, 
these were still rauriatc of potash. The first position is 
atill adniitte<l to be tfue by some chemists: but they 
conceive that, in the act of crystallfsitig, tlie salt is de¬ 
composed,—the hydrogen of tlie muriatic acid combining 
with the oJ^ygeii of the potash to form water ; and the 
Ijjieratcfl chlorine and po^tassium uniting to fi)rin chloride 
of* potassium, tliis being l^ie substance obtained by 
^^ystalli&EiJion, and not muriate of potaslu Others adniit 
tliat the resulting salt is a combiuatiou of chlorine and 
potassium ; bt((f they imaj;ine (hat it had the same con¬ 
stitution sylple it waa in solution, avd that tlte decom- 
'position of the nfiiriatic acid and thc^ potash took place 
at tlie momenU of mixture. At cording to the first 
^opinion stated, when chloride of potas&ium is dissolved 
in water, it is also decomposed, as well as some of the 
water; the hydrogen of tlie water and the chlorine 
form" muriatic acid, while the oxygen of tlie water and 
the potassium form pot^li, which combines with the 
muriatic acid,i Tl}us, according to this view, there 
could not exisf a solution of chloride of potassium; for 
water converts that salt into rduriatc of potash, and 
muriate of potash coulU not exist in the solid state, aa 
crystallisation converts it intb cldoride of potassium. 

What has beef! here ^id of chloride of calcium, is ap¬ 
plicable to all the combinations into which muriatid^hcid 
and a inetaUic oxide have been supposed to enter; and 
it has been a question amongst^ chemists, whether or 
not a\iy such class of salts as irtetallic muriates exist. 
It is universally sallowed, tliat, wheij. muriatic acid satu^ 
rates ammonia, the resulting crystallUed^ s^t is a real 
muriate,* for ammonia neither contains a metal nor 
oxygen; and, therefore, no such changes as tho|^ de¬ 
scribed above can take place. The same observation 
should extend to the combinations of muriatic acid with 
the long list of alkalies, consisting of oxygen, hydrogen, 
carbon, and azote, to which vegetable chemistry jb every 
day adding. There is no reason to suppose that any 
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Other change takes place^ in such cases, than the ^eie 
formation of a muriate. 

There ane other acitls^ concenrtng the combinations of 
which with inetalflc oxides, analogous doubts exist, 
because hydrogeif constitutes an element in their com¬ 
pos Ltion ; these are hydrocyanic, ferrocyanicjliydriodic, 
hydrobromic, sulphocyanic, ami hydrofluoric. To 
of them the same mode ftf reasoning applies: it is ac^ 
conlingly supposed by some, that when are piA 

seiited to a nietalUc base, flecoiuposition of both the acid 
and oxide takes place ; aijti that the resuljfts water, with 
a cyanide, a fbrrocy«iiide, an icalide, a broiuL^ asulphow 
cyanide, or a fluoTi|le of tiie metal* Accflrdin^to the othef^ 
view, a simple union* takes plac^ and'^we have hydrp- 
cyanates, ferrocyanates, hydriodates, hydrobrOmates^ 
sulphocyanates, and hydrofluatest Jn the case of am¬ 
monia an cl tile vegetable alkahes, nothing beyond siniple 
union is supposed to take place. * 

There is a Fact relating to tte salt resulting from the 
combination of hydrocyanic acid jvith^ potash, which 
deserves notice, as it applies by analogy to all the other 
cases. If a plate of cojper be imnjersed in its solutiopi, 
potassium is precipitated, wliich,^ reacting immedialllly 
on the water, evolves hydr^lt^eti by efFervescence-* How 
IB this to bo explained, if the original salt was a hydro- 
cyanate of oxide of potassihm ? Can _ it be mipposed 
that copper could take oxygen from a substance which 
attracts it so powerfully as poiassium ?“and wha^ other 
allowable cause can b^ assigned for the appearaflce of 
hydrogen? But if^we suppose that •the original salt 
was a cyanidfe of potassium, it is noihing surprieing 
that potassium should abandon cyanogen for*oxygen, 
when the change is aided by the affinity of nascent 
cyanogen for copper. 

On the whole, it may be concluded that much doubt 
hangs over the nature and properties of the compounds 
which have been just described* My opinion ia, that, 
of the two views which have been taken, that which is less 
* Th(Kn«oii*4 ChemUtiy, ISSI, rol. 11. p.S67. et atib. 
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enciimbered with the supposition of complex decompo¬ 
sitions and recompositions is that which denies the 
existence of the hydrdj;en acid coinhinations widi nte^ 
tallic oxides, whetlier in the solution or in the solid 

•r 

State, and considers them as compounds of a metal with 
the hydrogtn acid rad i cal * 

fr Some observations remain to be made on the oom^ 
pounds of sulphur and hytlruSj^en. It has been shown 
tt>af;e 206^,^ tliat these elements combine in two propor* 
tions, and form acids, called sulphuretted hydrogen, and 
bisulphuretteiihydrogen thcin combinations with bases 
^have beeugKalled hpdwsulplturet^t ‘and hi^dwgurtUed 
sulphnretJ9*^TjveT^B[t}CG it ivas ascertait-'ed that an alkaline 
or earthy sulphuret is'b conibination of sulphur with the 
dmetal of the alkali or earth, and not a compound of sul¬ 
phur with an oxide of that metal, as was once supposed, 
it was believed that'when a sulphuret, suppose of potas^ 
dum^ containing more sulphur than what constitutes a 
protOBulphuretj is dissolved in water, it Ik decomposed, 
and decomposei. a portion of the water* 'I'he hydrogei? of 
the water combines with the sulphur in two proportions, 
fanning the above-Trentionetl two acids, both of which 
cof^bine with potash, formed by union of oxygen from 
the ’water ’with the potassiurii. Two salts result, ’which 
may also be formed by other means. The hydroauL 
phuret may be^ formed b'y transmitting sulph’UiMtcd 
hydrogen tlirougli solution of potash; and th^hydro-* 
gurettpd sulphuret may bo producetl by digesting the 
form&r on sulphur, without heatj and 61tering. Erom 
diese salts, acida^^eparate the sulphuretted hydrogen by 
eflferveBcenoe, and the bisulpliuretted hyRrogen by de* 
position'* in the form of an oily tenacious liquid; the 
potash combining with the acid added* 

When sulphate of potash, mixed with charcoal, is 
heated to whiteness, both its elements give up .their 
oxygen to form carbonic acid with the charcoal; the 
potassium and sulphur then form pjotosulphuTet of po¬ 
tassium. If dilute sulphuric acid be poured on this, 
some water is decomposed, the oxygen of which coil. 
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verts the potassium into potash ; and this, with thewsul- 
phuric acid, repToduces the original sulphate of potash : 
but the hydrogen of t^e flecom|fbsed water is suttioient 
to saturate all the sulphur, and the r^sult^ng sulphuijjttefl 
hydrogen effervesces off; there is, therefore, no other 
product. had the original sulphate of potash aiul 

charcoal been expose^l to a red'itistead of a white heai, 
some potash would have Escaped decompPsition; hence. 
the potassium evolved would he insufficient j;o*climinaB& 
as much hydrogen from the water of the <lilute sul¬ 
phuric acid as would cojiverr all the sulphur present 
into sulphuretted hydrogen, and hence sosje sulphur 
would be precipit 0 f;ed. * 

The same sulphurrt of potassiCim may be generated 
by heating potassium in sulphuretted hydrogen; the% 
sulphur forms sulpliuret with the potassium, and hy¬ 
drogen is disengaged* If the sulpBuret of potassium 
be heated in mor^^ sulphuretted hydrogen, they combine 
without decorityiosition. and tlio result is a solid hydro- 
suJphuret of sulphuret of potassium* Exactly the same 
solid is produce{l by heating carbonate of potash in ati 
excess of sulphuretted*iiydrogen^ *the latter expels ^ ^ 
carbonic acul, its hydrogen deoxidates the potash, <md 
the metal combines with^the liberate^ sulphur: the 
sulphuret of potassium thus formed combines with sul¬ 
phuretted hydrogen as before* * 

When this salt is thrown into water, we are at a loss 
to know what happaos* Jt may merely dissolve; or 
some water may be decomposed; its oxygen, with the 
potassium, forming jotasli; its hydrogten, with the stil- 
pbur of the ;^taaBiuni, forming a quaiitity of sulphur¬ 
etted hydrogen, additional to what was originally*presenU 
The sulphuretted hydrogen, now doubled, may combine 
with the potash, forming a solution of bihydrosulphuret 
of potash, which, in cryEtallising, may undergo decom- 
poaition; the hydrogen and oxygen, originally furnished 
by the decomposed water, uniting and recomposing 
water ; while die sulphur and potassium, with which 
these elements had been combined, recompose sulphuret 
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of pptassiuiUj this re-uniting with the original anlphur- 
etted hydrogen. 

The bihytfrasulplmret of potash above mentioned is 
the ^ait commonly called hydrosulpliuret of potash^ aiul 
preparcil by passing a stream of sulphuretted hydrogen 
through solution of potasln This last method of pre¬ 
paring it might he explained in two ways, conformably 
to the foregoing two views. Kitlier the gas ia merely 
ibeorbetl^'or the potash and half the gas are decomposed 
at the instant of meeting; the hydrogen^ by taking 
oxygen from the potassiutnj producing potash^ and leav¬ 
ing ita sulphur to combine with the potassium, and form 
Bulphuret of potassium, which then rtnites with the re¬ 
maining undecompoaed half of tht sulphuretted hydro- 
iigen, leaving hydrosulphuret of sulphuretted potassium 
in solution* 

Although the explanations here given have been con- 
6ned to sulphuretted hydrogen and potash, they apply 
equally to any other metallic base. When ammonia or 
a vegetable alkali is»the base, we must suppose thabthis 
acid gas merely combines, without suffering or occasion- 
irg decomposition* ^ 
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<J11AP. 1. 

QV SOME PROCESSTLft WiTU ANIMAL LTFE- 

Although it is n^t my intention to oft ter into explan¬ 
ations of vital functions in genera4j there are two animal 
processes so intimately connecte<l with^ if not dependent 
upon, cliemicaL clianges, that tliey appear to fall within 
the province of the chemist almost (Acltisively. There 
are otliera whicflj si*eiri to have been so little iJluniihated 
hy tile lights of cnemistryj that they might just as well 
be aurrentlered aJtegether to die phyfiiolQ*i;ist, The sub¬ 
ject of respiration and animal heat sBali occupy the 
two succeeding sectioni#. 

« 

SecAon L 

REsna^'noN* 

h 

The blood is distributed by the arteries to all parts 
□f the body, and is returned by numcroue vciiiSj jvhich, 
by frequent junctions,"become larger, and at length ter¬ 
minate in two trunk^, called tlie vena iSitva superior, and 
vena cava iufeftor; these, meeting at tin* heart, discharge 
into the right auricle, from which the felood is propelled 
into the right ventricle, and hence into the pulmonary 
artery, which ramifies in a vast number of minute 
branches through the air cells of the lungs. After being 
exposed in these delicate vessels almost to the direct 
action of the air inspired into the lungs, the blood is 
returned by the pulmonary veins to the left auricle, and 
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hence At) the left ventridcij from ^-whicli it is dispcTsed 
through the aorta to all parts of the body* It is while 
paasmg through the minute and numerous ramitications 
of the pulmonary artefy and pulmonary veins^ and their 
capil-lary junctionsj that the blood loses its dark aha^lCj 
assumes the florid red hue which it is found to possesB 
in the arferieSj and acquires its nutritipus qualities» 
Ir*uririg the circulation,-it loseB-^its verimlion colour and 
its nutritious (fnalities/ by supplying the waste of ma¬ 
terials thVoughout the whole body ; and when it has 
returned into the veinsj it has once more become dark 
coloured. The change of venous into arterial blood is 
the essentia! plicnomenon constituting respiration ; it is 
by this change that the blood is qualified to support life. 

What the nature of this change may he, is a subject 
involving much difficulty and uncertainty. The process 
by which it is effected must be of great consequence to 
the animal; for one of the cliief uses of that complex 
apparatus, constituting the organs of circulation, is to 
expose the mass of the Hood, amounting, as some af¬ 
firm, to 33 pounds* extended to a vast surface ir^^he 
capillaries of the lungs, to the action of tbo atmo^ 
sfhere, about 23 tfmes every hour; for such ms the 
caKiilated velocity of the circulation* The following is 
an abstract of the different theories which have been 
advanced to explain the nature and uses of the process 
of respiration, ^ 

Lavoisier conceived that the oxygen of the i^r drawn 
into the lungs during inspiration, meeting hydrogen and 
carbon, which exist in the blood, combines with both, 
either in the lui^gs or during tlie clrcidalien; carbonic 
acid and water result, and dieae are expii^d. He con* 
ceived that the a^otc neither acts nor is acted upon. 

Crawford taught that the blood receives what he called 
hydrocarbon in the capillaries; and that it is the pre¬ 
sence of tins in venous blood, which constitutes the dif¬ 
ference between it anfl arterial blood. The oxygen of 
the air inspired, combines with the hydrocarbon in the 
lungs, and forms carbonic acid and^ watery vapouTr In 
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con&(HiueTice of this abstraition of hydrocarbon^ the 
vunous blood is reconverted into arteriah It is not ^asy 
to ]>erceive any real difference between this, and the 
theory of Lavoisier, ^ * 

1 have not had an opportunity of seeing the orij^nal 
of M, Lagrange's theory; what follows, is the account 
given of it by Hassenfratz, Tlie bloody in passflig through 
the lungs, dissolves oxygen abstracted from the air i*"- 
spired: the blood, holdiyijg thismygen/is transmitted 
through the arteries, and thence to the veijis; during 
its passage^ the oxygen, by little and little, forsakes its 
state of dissolution, and partially combines with the 
carbon and hydrogen of the blooil, forming avater and 
carbonic acid; tln^lattor of which is d&engaged as soo-n 
as the venous blood Idli^ es the lieffrt to enter the lungs, 
llassenfraCz has supplied some parts^of tlie detail of% 
tliis theory, and has supported them by experiment. It 
was ascertained by Priestley and otiiers, tliat venous 
blood, by exposii’-e to oxygen^^is rendered bright red; 
tliat, by remailiing fo^: some time thus exposeclj it gra^ 
loses its florid hue, even although ^hey are shaken 
together ; ami that blood, exposed, to any gas not con-^ 
taining oxygcji, is rentfcred dark^ Jiassenfratz expla^ 
these facta, by supposing tliat tlie bright ret! colouf^f 
arterial blood is occasione# by its holding oxygen in 
solution ; and that when the oxygcii abandons the blood, 
in order to combine with tlio carbon anjJ. hydrogen pre^ 
sent, the hlood loses its bright red colour, and heconies 
dark; it is llicn venous blood. Cormespondiiig witli thia 
cxplaimtion, he ascertained that chlorijic (whichSndu 
reedy supplies oxyg^), mixed widi vwious blood, im- 
tnediately rentftrs it very dark coloured ^ a phenoTnenon, 
in hia opinion, attributable to the facility wit!i which 
chlorine supplies oxygen in a state ready for immediate 
combination with carbon and hydrogen, while the oxygen 
of the atmosphere, being gaseous, combines witli diffi¬ 
culty. Chlorine does in an instant, what couimon air can 
only do by long continued contact. 

These tl^eories differ very little from each other. Ip 
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ail of them the ejror is ctmmitted^ of supposing that 
watpr is gemrutm in the lungs / whereas it is merely 
exhaled from the mucous membrane which lines the 
mouth and pharynx. That no unjon takes place between 
the oxygen of the air and liydrogen Existing in tlie bloodj 
is proved by the factj that although moisture is aL 
ways fouiUl in the breath, the quantity of oxygen which 
(^sappears iSj at exactly equal to tlie car¬ 

bonic acid by svhich ft is replaced; and we must sup¬ 
pose that t}|e origin of the moisture is always the same. 

Jt is not explained, in any of these theories^ what tlie 
origin of the carbon is^ tliat ip supposed by tliem to be 
constantly renewed in the blood: ^.this deficiency has 
been supplied i>y Drs. Thomson and Murray^ in tlieir 
respective systems of cliemistryf Dr. Thomson says^ 
Xt appears^ from the most accurate observations hi¬ 
therto made, that neither chyle nor lymph contain 
fibrin*^ which fonfns a very conspicuous ^jart of the blood; 
this'fibrin is employed to supply the waste of the mus- 
deSj tile most active parts of the body ; *andj therefore 
in all prohahiXty^ requiring the most frequent . 

Nor can it he doubted that it is employed for other 

X iful purposes. ''|'he quantit]^ of fibrin in the bloody 
must be constantly diminishing; therefore^ 
new fibrin must he constantly formed. But the only 
substances out^f which it can be formed, are the chyle 
and lymph, neither of which contain it: there must, 
therefore, be a continual decomposition of the cl^le and 
lymp^ the blood v^sels, and a continual 

new'formation of fibrin. Ju wliat manner the chyle, or 
a part of it, is converted into flbrjifi, it is impossible to 
aay; but we see at least that carhfcn must he abi 
atractod from that part of the chyle which is to be con¬ 
verted into fibrin. Hence, as the process of blood- 
making atlvances, there must be a greater and greater 
redundancy of carbon in the liquid; we may conclude, 
therefore, that one great use of respiration is to abstract 
this carbon, by forming with it carbonic acid/' 

^ * At the quantity of Ahrin. ii quite Lncousldciatile la Ltood. 
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J)r* Murray f^ives'* tbe following account; — JThe 
blood is the source whence the animal products are 
formed: tliis expenditure is supplied by the chyle^ — a 
fluid less coinplctcJy ^niiiialised tlian the bJooch The 
peculiar character of animal mat ter ^ with regard to com¬ 
position, is ft large proportion of nitrogen^ aiitl a dimin¬ 
ished proportion of carboji: it 1114 ^ be,^ therefore^ inferref^i 
tJiat In the extreme vesseU, whor.n^l|k aivmal fluids and 
solids are formctll tlie general proceB^ill be the separ^ 
ation from tlie blood df' those elements of w^liidi animal 
matter is composed; and that^*therefore, carbon, which 
eatei-s more sparingjy into its compo^iLtion, wiU exist in 
the Temaiiiing hlogd in an increase^l pfoportion* Tliis 
is, accoi-dingly, the g^icral nature of the conversion of 
arterial into vciiotts hluixL NitrogeUj hydrogen, and other^ 
olemeuts, arc spent in the formation new products ; 
aud the proximate pj iuciples of tlie hlood remain, with 
an increased pto portion of carbon* In tins state'it is 
exposed to the j^tniospheric air ill the lungs — the oxygen 
of which abstracts its - xcess of carbon, ^nd forms the 
earOonic acid expired; and this eonstitufbs die conver¬ 
sion of venous into artciial idood/' * 

The foundation of Thomson's fx'planation is the 
sitiorij that^ car lion must be iubstracted from tliat part of 
tile chyle-which is to he converted into Abrin, Unfor¬ 
tunately, woflo not possess comparative uUiinate analyses 
of cliyle and fibrin; and hence toe [irolf of the above 
position rests on the fact, that carbon is taken up by 
oxygon in the lungs, wliieli is the plienomeiioii be 
explaineiL It is possible that cliylc may,sometimes con¬ 
tain a greater mtio ol*carbon than fibrin docs. Dr.Mar- 
cet showed that the chyle of dogs fcd*upou ve^^etable 
diet, afforded three times more carbon than that of dogs 
fed on animal food : but a tlieory of die origin of carbon 
in expired air must account for its appearance under all 
circumstances of diet, Murray’s explanation tiepeuds on 
die trudi of the position, diat the peculiar character 
of animal matter is a large XJroportion of nitrogen, and 
a d i mini ah ed pr opor tioii of carbon 11 e n ce he considers, 
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tliat^ as " all amiTials livc^ dUtvcdy or indirect!on 
vegetable matter/* the chyle ’will be u “ iluiiL lews com¬ 
pletely animalised thaw blood wbieb rnmst meaiij that 
it will partake more of tlie vegetabb constiLutioiij from 
whithi It is ultimately derived. It does not appear to 
moj that tie indirect origin of tbod of animals in vege- 
t^de iiiatkT has any c(\nnection with the*vinhjcrt; for 
a veg etable becortdrg aiiiiiialis^;d^ cannot affect the chyle 
Jjroduccfl by asi'hnjhndon of mu:Ii animalised matter. 
Jiut that one of the [icennar tbaiucters of animal matter 
is its containing a dimiiiialied ratio of carbon^ is a po¬ 
sition which not only has never l^on established hy 
experiment^ but jeeins coiUradlctcd bv most of the facts 
with which we are ac'juaiiitefh V^e tin not know tlie 
^ relative quantities of fibrin, gelathiOj and aibuiiien^ wdiicb 
cliiefly eoTistUute muscle ; but it is of Less coiise([ueneej 
as the ratio of caibon in each of these three proximate 
principles is not very dlfiereiiL Were ir^uscle cotri])Ciicd 
of equal parts of those proximate priiudpVS;, the average 
ratio of carbon, would be abc:;t .'^1*4 per ceiiL : this is 
precistdy the quantity of carbon in beech-wood, ^'^fieat^ 
l^pnr docs iiot contain^ at most, above 4o 2 ier cent, of 
ca^^on j potatoes ednvain but ^7*4 per cent,; ain4 ge¬ 
ne rally ^ vegetable proximatf^^principles contain less than 
50 2 ier cent. oi^carl>orij and tnany of tltem much under 
this ratio. These considerations render J)r. Mnrray^s 
positio3t very qhestiouable. 

Jt appears to mCj thatj notwdtlislanding tlic industry 
withpwhich tile subject has been prosecuted by I’ncdern 
chemists and jjjiybiologists, the theory of respiration' 
stands pretty much in the same wa^ as it^was left by tb^ 
modification of Lavoisier e explanation, given by La¬ 
grange ; it may, therefore^ be expedient to expatiate on 
it a little more fully* 

That oxygen exerts an agency on blood, is a fact tliat 
seems provetl beyoiwl question. The experiments of 
Fontana and Lu^uriaga show, that bloody whether ar¬ 
terial or venoiiBj when shaken in contact with common 
tir^ or, better, with oxygen, imparts carbon, and con- 
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vcrlii the oxyi^eu into varbonic acid : it is^ tbcTefof^?, a 
fair [ircsniii|jtionj tliat^ in the body, the oban^c of in¬ 
spired oxy‘;;en into cajiwnie achPis effected in the same 
manner. Jii the aif cells of the the oxyf^ei^may 

he considered as almost in contact witli the blood con¬ 
tained in the ramifications ef the pulmonaryVtery, and 
of the pullnbnary veins in whhjn they Uwnnate ; inr.j- 
tnneh as iiothinff but tht^cxcoediuf'ly tlfin substance yf 
tlic vciiseis is interposed, ft was shown ^y*l*ncstloy, 
that vi■noils hloodj tied up in the thicker substance of a 
moist hlitihlcr, liecame rc^L \v\»n exposed to air, as soon 
anil as Tunch as if direct contact with the air. When 
the oxyf^on of tin* air Is taken into tfle hiii^s, after a 
momentary contact, am it may heTulledj with the hlootlj 
it is discliargeti during expiration ; but part of 

fiEiH fombincil with carbon, doncorniii" this combination, 
th ere liave bi'cn, as was alreaily staV^il, Uvo opiinons. 
One is, that th3 oxv^en of the air instantly iUssoLvok and 
cnnihines with^earbouac^ ons matter found in the blood, 
am I immediately aftca' is exiiircd as.carlljiinc acid ; the 
oTfier is, that the oxy^^eii of the air is absorbed by the 
hliHxl in tile Luii^s ; tJftit it ciTcnl|^t\'s with tlie lilo^l , 
throughout the wliole syshm, ilurmg which it comlirries 
with cai'lion ; and that, on Itie return of the sanguineous 
cuTrieiit to the lungs, the carbonic acid'tlius pi^yfluced 
exudes through the coats of the minuti^ vesBcls, and is 
exjnrcd. I consider the latter of tliese opinions the more 
prohahle, on several a^'counbs. Fontana exposed .blood 
to coTinmoii air, rluring^io long a spiice as three nilnhtes, 
without protludog any change; but when be agitated 
them together during the same tinic, carbonic acid ap¬ 
peared, Indci>etidently of die evidence afforded*by this 
experiment, it might reasonably be expecteil that the 
carbon of the blood would require more than an instan¬ 
taneous contact with the oxygen of the air, before a 
combination could take place. Such a condition would 
be fulfilled, if the oxygen were to circulate with the blood 
for two minutes and a half; for this, as far as is known, 
is the space of time which the whole volume of the blood 
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requires to travel from the luiig^' hack agaiii to tlie 
lungs; and this was nearly the space of time during 
which Fontana found it necessary to continue tile agi¬ 
tation* Jfj in Fontana's ex peri men'., actual contact of 
the hJood with oxygen during three minutes did not 
evolve any '^'arbonic acid^ it would be singular ifj in the 
lungSj carbonic acid couhL be formed duritig the time 
occupied by one inspirationj notwithstanding that the 
substance ■of the bljood vessels and aiv tubes is inter¬ 
posed* These considerations correspond exactly with the 
fact stated by several res{)ectable authorities, that car¬ 
bonic acid exists in recently (Ira^vn blood; and that it 
may be separated-from the bloody by [dacing it under an 
exiiausted receiver. The statcnieot haSj certainly, been 
^called in question; hut it appears that tJieautliorities by 
which it is supported, arc of equal coiifuderatioii with 
those opposed to it i and tlierc is this adilitioiial argu¬ 
ment ill favour of it^ — that it harmonhes with all tile 
facts known. 

It appears tv me, that to confine die oHice of air in¬ 
spired to tlie mere removal of redundant earboii ^oiTT 
venous blood, is to take a limite I view of its operation; 
aiVfl to uiidcr-rate tKc'utility and necessity of the com¬ 
plex and astonishing mecliardEm by wluch so simple an 
object would accompli shed. To the process of re- 

Hpiratjoii, the construction of the chief parts of the animal 
system are subfiervient; if res [i[ration be suspended, eo 
is life : even the atmosphere is constituted in sJbh a way 
as tff conduce to die due per for Man ce of this function. 
We know the ifqportant and extensive agency of oxygen 
in creation: can wc doubt that, jn^tlie la^aoratory of the 
body, iv^here cfiemical changes are incessantly taking 
place, oxygen is in all parts constantly in demand? and 
is it not probable, that the medium of supply of oxygen 
to all these parts is that obvious one, which, in order to 
receive the supply, is presented, in hundreds of currents, 
to hundreds of currents of air, tlie absorption being 
promoted by the two most effieacious means,—agitadon^ 
and extensive surluce ? 
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It wouhl contribute towards a deci.'^iou of this 
question, were it ascertaineil that the air taken into 
the lungs loses at all times exactly the saine volume of 
oxytren as is retifriied in the state of carbonic acid* 
A volume of oxygen sufters no change in l>ch>^ con¬ 
verted into carbonic acid, if this coiiversi»n took place 
equally in f!ie lungs without ^any change of volume, it 
might then be prt'hUTncd that*the oxygen inspired dad 
done nothing elsie than remove carbon,’^ klitherto there 
has not been such a torrespondence betwtai tlte results 
of the experiments made on J.his part of the Hid>jcctj as 
to warrant almos^^any conclusion that ought toiiiduence 
OUT judgment oi^ so difficult and iraj^ortant a questiotu 
The infereiuxMvhielj seems best.supported by the state^ 
ments of (liffi'ient cxjieriineiits, is, that sometimes the 
oxygen of the air inspired almost exactly agrees witH 
the carbonic acid cxpireil ; this ballpens iji the Imman 
species, and lome other animals. Sometimes thm'e is a 
greater volume of oxygen cciTisnmed than is accounted 
for by the carbonic acid : and in ce](J:ain animals the 
difference is often considerable. It saemft thatj so far 
as the function of respiration is conccrtiedj it matters 
little wdiat animal, within cerAtTi limits^ is niade^'thL* 
subject of otjsorvation ; ive must sU[qjose that^ in the 
higher orflers of animated bcirlg^i, the use and nature of 
the function is iTiaiiily the same. 

It has ijpcn found that the azote bf the air inspired 
is sometimes returyed iii full volume^ and sometimes is 
partially retained, ami disappears ; the quantity,of it is 
very variable. It has been even ascertained that the 
quantity of •azote Expired somelimcs exceeds the quan¬ 
tity Tvhich had In'cii contained in tlie commas air taken 
into the lungs ; and it has been affirnied that this hap¬ 
pens in sumnicrj while in winter less azote is returned 
than is received by the lungs. This evolution of su¬ 
perfluous azote^ no longer necessary in the animal 
economy, has been strikingly proved to take place, by 
including a guinea-pig in pure oxygen, and another in 

* Ita inftupncu m prrtduciiif: animal heat it fhr the ptqkt'nt iiesl^ed. 
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a mixture of oxygen and liydrogiB — the ratio heiiif^ 
that^liidi forms water; in botli cases^ azote was foiintl 
in the remaining gas. ^ A pigeon confined in a similar' 
mixture of oxygen and hydrogen iJso evolved azote. 
Durii-g the respiration of Iroth of these animals in 
the mixed it was found that some hydrogen was , 
taken into the lungs, whUdi totally disapptured. The 
sitil^ular fact h^s been ascertained, — and it is one 
■y^'lnch may' yet he turned good afcount by the J>hy- 
sidaUj thal breathing a mixtuiv of oxygen and hy¬ 
drogen produces a tendency to sleep. 

It has been found that, in tlie Luiiiau species, ditto rent 
individuals coiisii^pe tli Here tit quantities of oxygen, and 
of course re turn different quaiititi^es of carbonic acid. 
The hreatli expired has been shown i/i contain from 
Vi to 8 per ccKt. of carbonic acid. Drs, Front and 
Fyfe have proved exjieri men tally, tlmt peculiar condi¬ 
tions nf mind or body Kmder the quantity of carbonic 
aciil variable* ^I'lie former lias shown tliattlio quantity 
depends also on the time of the day : at noon it is at 
the maximum; It docreasets until nine at night; it tlfeu** 
remains at the minimum for six Jiours; and at four in 
.thf morning it begins tc increase. These were lliere- 
.fiulta’'obtained in the iriontli o£ August. 

'rhe lungs arti^not the only egress for carbon in the 
human body* If a person's anu he enclosed in a Ik^II 
glass full of comMon air, the comniunication with 
the external air bo cut off by tying a moistened biSdder 
round ^ the raoutli of the hell glass to the arm, the 
oxygen of the air will in part disappear, and he replaced 
by carbonic acid f hut it is not knovfn how this change 
is effectei^. 

The foregoing stateineiits sc?eni to hear out the con¬ 
clusion just now arrived at, that we are really ignorant 
of the uses of res]iiration in the animal economy, and 
that the mere removal of carbon cannot he the duty of 
the air which enters the lungs, lioth oxygen and azote 
are proved to he frequently absorbed ; anfl, for any 
thing we know to the contrary, these occasional supplies 
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of two active gases i.my t)e jusst as nceessary «niler cer¬ 
tain conditions of the animal^ as ttie formation of •car¬ 
bonic acid in the circulation (y it be there tliat its 
elahoj iitioii takes pWci?^^ and the eventual elimination of 
carbon from tile body, Wlien additional oxyj^^eif and 
aj;ote are ^lot necessary in the body, then^ piiubably, the 
inspired aims returned in fuH volume ; having merely 
^experienced a partial coiy'ersioir of its (j^ygeii into cur^ 
bonic ad<i, . 


SFtf;Tro>^ 11, 

MAlNTENAl^Cr or 'JJIK J'iMCJlItATU RJE*OF ATfllr \1.S. 

■ * 

’ The changes,]>i’0(iuced during respiration have l>een 
always supposed to he intiinate/y coiinecterl ’with the* 
maintenance of that elevatc[l ttanper^urej which distin¬ 
guishes the Wiisteiice of certain orders of animated 
Ixnngs ; and iiiuch difficulty "has been experienced in 
forming t\ theory of a iiinal licat which will corrospond 
winf the factSj hut hitherto without kucicks, 

ISlack's doctrijie of Jateiit heat afforded an explan¬ 
ation of the origin of animal hea*. * T)uring respirathiij # 
the oxygen of the air ins^nred combines ’v\dth ciffbonj 
andj as it was at first supposed^ with hyifrogen ; both of 
tliese substances, in combining with oxygen, evolve some 
of tlie lieat which was latent in tJie composition of the 
oxygen and hydrogen ; and this heat is circulated by 
die blood di all partSiof tire body, * ^ 

Jlut it was soon perceived tliat, as this combination 
took place iutthc Iraigs, and the lieat \ftia evolved there, 
the lungs should not only l>e the InJltcst pa^t of the 
hotly, but .the heat would he capahie of injuring tliese 
organs. In order to remove this difficulty, different 
explanations were offered, of which tlie chief are the 
theories of (Irawford and Lagrange. 

Crawford made experiments to prove that tlio specific 
heat of arterial blood is greater than that of venous. 
Hence, arterial blood, at the temperature of the lunge, 
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would contain more lieat than veno js hlood at the same 
temf erature ; anti arterial bloodj in clianj^ing tn venous^ 
would part Ydth its e:^f;ess of heat, and yet leinain at 
the same temperature as before- if oxygen^ in com- 
biiunp with carbon and hydrogen contained in the 
blood, caust'd the Solution of sjo much heat,that evo¬ 
lution would take jjlace in the bloofl itself ut the lujigs- 
Blit at t^e same instant the bloorl he conies arterial ; 
that is, in effect, suffers an increase of ^its capacity for 
heat^ absorbs, a quantity of heat which docs r.ot raise 
it« temporaturcj and thus removes the portion of heat 
that might have done injury to the lungs. In this 
way^he Inood and heat are carried to the capillarit'S ; 
where the fonncTj by contiiiiially changing into venous 
bloofi of less ca]iaeityj parts with its fieat gradualjy^ 
<and maintains tk? animal temperature equably- 

Lagrange remov(itd the clifficulty, and arriverl at the 
samoiohjectj by supposing tha't the heat»is not chsen- 
gaged exclusively in the longs, hut in all parts where 
the bloofl circLilaU's, "I'his follows from his tlicor^^of 
Tospiration aircndy described* According to liiin, tile 
oxygon of the air is dissolved by Abe blood at the lungs, 
^aml circulates^ thus die solved, in the arterial blood ; it 
- is oilly when the bloo<l is. changing gradually and 
slowly in the g^feat ci:cuit of the eapillarh^a^ that tin? 
combination of oxygen widi carbon and hydrogen takes 
place, and that tlte heat is <leveloped. 

Dr- tdrtanner, of Dottingenj gave a modified Rew of 
this th*Mry, which, being rentlerod uselessly compleXj 
need not here be descrihed- 

Dr- ifohn Dav^, in rejteatiug Cran ford’sjexperiments 
on the tliffyrence 6f specific heats of arterial and venous 
blood, obtained different results. According to the 
former, the difference is inconsiderable, and inadequate 
to sustain the object for, which the experiments were 
instituted* It is of no consequence whether we decide 
in favour of tlic accuracy of Davy or (Crawford ; inas¬ 
much as the theory of Lagrange explains the equal- 
hfiation of animal heat in a satisfactory way j seema to 
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tiariTionise best with recently* discovered facts; and thus 
renders tUc theory of Oftwford^ ingenious anti i>eautiful 
an it isj oselesa. « 

The grand questUnVas, what is the source of animal 
lieat ? Black supposed that the oxygen of tht air 
inspired pgtrts with some of its latent heat, * Crawford 
con cei veil thirt tlie difference I jet ween the specific heat 
of oxygen and carlioiiic ^acitt i^ the pgrtioiujjfrhich iS 
liberated during iesjjiration, and maintains tip' animal 
temt^erature. But Driaroclie and Beraril #infer, from 
their cxperimctitSi that this difference is trivial; they 
represent the specific heal; of oxygen to be and 

that of carbonic ajid 0'8^i8 ; air being unity^ anetthe 
cotviiiarision being in^de on equal*weights of tlie gases, 
Ifcnce it has Iwaii supposed, that so small a difference 
cannot he the source of tlie large quantity of heat pre- * 
sent ill the liody* liut it is l>etween*the specific beats 
of equal volumes that a comparison SilouhI be instiUitcd, 
We then haTeJ[)"9/h\n as the •specific heat of oxygen, 
and 1^258'J for that of carbonic acid: the difference is 
iTiiicb greater than in the former tase f but still tlie 
question arises, is it sufficient to account for the tem¬ 
perature of the bo^ly ? • * * 

In answer to this qiies^on^ it was maintained^ on 
the authority of experiment by Crawford, Lavoisier^ 
and La that an animal consuming oxygen, and 

returning it as carbonic acid, evolves* pre tty nearly as 
much heat as that &ame quantity of oxygen would 
evolve, had it hvv^^ converted into carbonic acid the 
combustion of carbon in it. Chemists, however, seem to 
place no reliance on^tlie measures of li^^t employed in 
these and similar experiments ; and eten the .opposite 
of the inferences drawn from them have l>een main¬ 
tained to be true* 

It a[>pears to me, that a very^useful estimate may be 
formed in this impiiry, by reference to common ex¬ 
perience, without the aid of any instrument or refined 
experiment. It is believed that a man gen era tee about 
40,000 cubic inches of carbonic acid in 24 hours ; this 
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contains about 11J avoirflopois oU'-iccs (11 
bojf. Suppose that this quantity of charcoal were 
burnt in coiiiinon ak ; that the whole of tiic heat 
evolved wore applied, without idss^to Kuslain the tein- 
peraffurc of the human body at ; and that the body 
coiisjsts'oft 12 stone w'eight of solids, soft polids, aiul 
liquids; a conshlerable, portion of heaths to he ab¬ 
stracted ||ty the; sumniiiVliii^ rriediurn, and much moist¬ 
ure is to ,be vaporised in the hreath, &nd in cutaneous 
perspirations The quantity of'^vaponr of water pro- 
duccil at the surface, supposiiip its averap^e temperature 
yf>°j ami from the mouth, wouUl amount to no less than 
!^0y,826 fciibic ivches in ^4 hours, a/ some times; and 
would seldom he less than Beside this, tile 

expired air leaves the mouth at fJO^^ and a million 
cubic indies of <air so heated leave the mouth every 
24 hours* Would the combustion of 11^ ounces of 
diartoal afford such a sujqily of heat for 24 luiurs 
(that 211 grains per hour) as would *accomplish all 
tliese objects ? , . , 

Mr. Hrodic/led by con si derations of a different Imnl" 
lias denied that there is nittf production of animal heat, 
%in consequence of thc*^ converHion of oxygen into car- 
bonfc acid in the lungs, Hj-ving procured two rablnts 
of the same si^*^ and c^ilour, he killed both by dividing 
the spinal marrow. Having removed the hearl of one, 
aiul secured the Vessels of the neck by ligatures, pro¬ 
duced artihcial respiration by means of a small bellows 
iittoft, fo the trachea, 'riie heart'^now contracted at tlie 
rate of 144 times in a minute; but in 100 minutes the 
number ivas re^^uced to f)0 per mitt ate, *A thermome¬ 
ter had been introduced into the rectum of each rabbit, 
and at the heginning of the cKpcrimetit both stood at 
Both thermometers began to sink; but that 
ill the rectum of the rabbit in which artificial rea^nra- 
tion w'as kept up was always 2 or 8 degrees lower than 
the other. In 100 minutes, the former stood at 
the latter at <18^, The difference throughout was attri¬ 
buted to the large quantity of cold air which constantly 
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oookd tlip hlooil circulating tJjrough the lungs of onOj 
and not of the other: and it was sliown in aiiolfier 
experimentj that when the circnJc(i;ioti k prevented by 
a ligature^ the ardiiciS,! renpiratory process being con- 
tiimcd, the cotding agency of llio air was scarcely tlis- 
coverahlc, Itecaiise it now was confined to the »ir cells of 
tlic InngSj aiifVcould not afleot remote parts. 

Other ex)H'runeutH shoTjed in raj^bits killed by 
poisoiiSj which att by disturbing the fuiictioivi of the* 
brain, the circulEtlion nfay be contained by<:arrying on 
an artificiHl respiration ; the s^apie quantity of caihonic 
acitl was ex^K'lleil as during life ■ and the same change 
of sensible qualities of the blood took j^kce itf the two 
capillary systems, as wjiubl occur yi the living aniinaL 
Vet in consequence of tlie cold air thrown into the 
Jun{,Sj the aiiimal cooled more rapidly tfcan anotlier in 
which no artificial jcspiratory procwns was kept up. 
Mr. JlrodtEj thcieforej argues^ that if the convcvsioif of 
oxygeti into carfconic acid in tilt; Junga were the cause 
of animal heat^ the dead ooilics of these jjabbits should 
Jiavc maintained their temperature, *He (foiicluiles that 
animal heat depemla on #oine function of the brain. 

These experiments are^ however,*liable to some ex¬ 
ceptions. Aliliough artificial respirai.ioii did not keep 
up tlie animal tcmperatufCj it might l^^ve generated 
some healj w^hich was afterwards earned off in various 
ways. Tirstj tk^ cold air thrown into the lungs^ acting 
on the whole circulation, must have withdraivii heat in 
two ways ■ and the experiment of obstructing th^^cir- 
culation by a ligature^ as is admitted by Mr. Hrodie, 
did not prove ^(lal hrftt was not ’withdrawn. Secondly, 
no allowance' was made for loss of heat'by the vaporis¬ 
ation of wafi^r exhaled by tlie mucous memljrane. And, 
thinlly, there was no allowance for loss of heat by 
cutaneous perspiration, wliicli takes place, often largely, 
at the moment of ileath, and no doubt continues while 
the circulation is forced to continue. At least, it was 
not proved that these three sources of fallacy did not 
exist. It mun^t be observed also, tliat these experiments 
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ha’vc not ten atteTuletl with tht? same results in the 
libels of other persona ; for it has been affirmed that 
tile cooling process ;s rendered slower by artificial re¬ 
spiration. Thisj however, is of li'rtle consequence. Mr. 
Broilie^s exjiefiinents prove very clearly, that animal 
heat is n^^t maintained by respiration ; but^they do not 
prove tliat heat is gi^nerated during thut process, 

' Indeeil, it can scartiely be .denied, that the conversion 
Tof oxygj^n into carbonic acici in tlitr lungs, is a source 
of some he^t, as well as it woivld lie out of the lungs. 
In the process of arterialisation, the hloCKl is proved to 
become warmer. Majendic estimates, 1 know not if 
on the authority of his own experiments, the difference 
between arterial and venous blood so high as ^2° ; and 
altitough this difference is not great, it is quite clear 
that it does t'lot represent the total heat developed 
during respiration. 

it might, perhaps, be considered ptohable, that tlie 
conversion of liquid chyle into solids, tOfSupply the waste 
of the bodymight, during the change from flnidi^ to 
solidity, cvolte the remaining quantity of animaTIi^at. 
But, beside some difficulties tliot would attend this mode 
of explanation^ we^ are prevented from ailopting it by 
’ knowledge of tlie fact, tb^^t during sonie diseases there 
is no such ci'nversmn, for no aliments are taken into 
the stomach ; and instead of any accession to the solids, 
there is a constant wasting of tiicjn : yet the Ijpat of the 
body is higher than ever, 

li^^rhaps the opinion on the subject of animal heat, in 
entertaining which we shall lie least liable to error, is, 
that the elevated temjicrature of ^warm-blooded animals 
does not derive' its origin from any one source, but from 
several, and that at present we know of but one* We 
may also suppose that chemical changes are constantly 
taking place in the hotly, through die means of which 
heat is extricated* But we are not enabled to assign 
any thing more precise as to the nature of these changes, 
ivitliout entering into useless or tlangerous hypotheses. 
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CHAP. IL 

* 

OF TUK SPONTANEOUS *DE<Xl^POSITION OF VEGETABLE 

AN1> ANIMAL MATTER. • 

By tlie \voT(U fermentation*, motlern chemiats under- 

4 

ataml the spontaneous decomposition ivlucli animal c. 
vej^etable matter uinlergocs when jdaced under proper* 
circuiristances; the moat remarkable result tff which is, 
either alcolud, acetic acitl> or a putrid smell, T!ie pro¬ 
duction of these diiicrenf re&ultH jiifives ori^du to three 
distinct stages of^flie proeesa, each diaract^riscd by 
different pheiioiueiia* All t'ermenibble stibstancesj liow- 
ever, ilo not prijcee<l through each of tliese changes, 
even when the circumstances arc f|,vouTable : hut 
there iin* some good Instances in wljich the stages are 
distinct and ctiisecutive* If grape juice he exposed 
to a moderaU^ temperature, it tsoon begins to effer¬ 
vesce^ and loses its tn^tisparency ; a viscid scum rises 
to tlie surface ; the taste changes •frot? sweet to 
nouif; and, under proper nianagementj the liquor is con¬ 
verted into wine. Eiolution of sugir^aud all sweet liquids 
are capable of undergoing similar changes, and of feing 
converted into a kind of wuic^* *7'he process by which 
tliese changes are effected, is, on account of the nature 
of the product, called the firtmutatiorij and the 

result of it is the formation of aicoft^L 

If tile liquor which has undergone the vinous fer¬ 
mentation he exposed to the temperature of about 75^, 
it from beln^trans]»rent again appears'^omewhat mud¬ 
dy ; the taste changes to sour, for the alcoliqj is now 
changed into vinegar; and froiu areiuin^ the Latin for 
vinegar, this stage is called the acetom fermentation. 

Vinegar, when long kept, loses its acidity and its 
transparency; it exhales a putrid smell; and has now 
undergone its last stage, or putrefactive fermentation. 

* A fiiUer mimt fif ttie fTror^iii fjf ft^rmenf4I ipii vnW Lc foiiJld iii 

tile lupxuiLi, VoL L i>l Econuiny. 
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When wheaten flour ]& jnaile mto dough with water 
and a little yeast, it undergoes the vinous fermentation; 
carbonic acid is evolved, which puffs \ip the dough into 
alight Hpongc; and afcoliol in quantity ia evolved. 

A patent has hcen taken out for an ovenj whichj in bak¬ 
ing tile breadj condenses the alcohol. 1 examined some 
of the alculiol thus produced, and found bf'thit, and the 
bread wliich afforded it/to be, as 1 conceived, of excel¬ 
lent quality. 

T1 1 ere’are^ several cotiiiitions necessary to thcprodiic- 
tioii of fermentation; water must he x>rcsent in all cases; 
there must he a leinpcrature above 32^ at the lowest ; 
a fermentable substance, and a ferment, are also necessary. 

Jhrme/itatioii order to produce the vinous 
fermentation, the only ferinentabjo substance known is 
sugar, in some one or other of its mollifications, A solution 
of common s\igar, starch sugar, fruit sugars, as contained 
in the different fniits, or the saccharine inattcr of Tualted 
grain of any kind, will iinswer the pur^uosc perfectly* 
In some cascsj sugar does not exist ready formed^ al- 
though the vinhiis fermentation may be excited : USit idt* 
all such cases, tlie elements of^sugar are present; and 
during some stage in t^je process, sugar is produced from 
then'. ]t was <liscoverecl by Kirchoff, that if potato 
starch, and gluten froip f^raih, lx; mixed with hot water, 
and allowed to*act on each otherj the mixture, at first 
not in the leasts sweet, eventually becomes so, because 
the starch is converted into sugar. This explains the 
fact, that in tlie process of the a mixture of malt 

and rS:w corn, wlien mashed with warm ivater, aijd fer¬ 
mented, affords f /en more alcohol t^an woyjd have been 
obtainetl had the. raw com been mailed. In the raw 
com thei% was both starch and gluten. 

It is here necessary to explain the nature of .* 
any tinrl of grain, such as barkiy, here, oats, wheat, 
millet, rice, maize, or rye, by being made to gemninate, 
ami the germination immediately slopped, will be thus 
converted into malt. By the process of genhinationj the 
starch of tlie gram is spontaneously converted, into sugar. 
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by nature fL% tbo foot^of the embryo plant. T!i^ 
instant t)te sugar fbriuctl, tlie procei^s should be steppt^d^ 

as other^vise it would disappear apfaiiu The germination 
is elieeked by drying^tW graui, \Vben barley is to be 
inaLied, it is first steeped in cold water: after a tjme, 
the water is drained oft'; Uie harley is spread out in a 
deep heap ? ^ soon becomes warnij owing to the clieinu 
cal action wliich forms sugar *in it; the rootlets an I 
future stem sho'\*, Whcii this hajjpeiiSj the grain 
spread on a lieated Kil4 until it is ijuite dry^ l*Iie result 
is malt. AVJiois grain has bt'en made to germinatej and 
t!ie further growth of thi*einbTyo plant is clieokeil by 
drying, ** its vital jfrtuciplo is extinguished fonever*”^ 
The ferment is the body which j)om‘sses the power of 
commencing tlic JermPntation ; ami once commenced^ it 
proceeds without further assii;tauce. Ijs yiresimcc is so 
necessary, that a sohitiou of pure sug^r will not ferment. 
There are inai^'^ substances^ hoAvever^ winch comhipe in 
themselves bo^h a fcmieiit aivi a fenneiitable matter, 
Tims, impure sugar, v\! cn dissolved in a sufficient i^uan- 
iiiy ^ff w^ater, will lemicnt almost pcrfd^tly : the juice 
of the grapOj gooscherrj, aiid some other fruits^ contain 
both abuiiilatitly. The femien^ *"ommonly used by 
brewerSj distillers, vinegar makers, :md bakers, is i/mtoT 
hnr>i/j —tlie scum which Hf#s to tfie top, and afterwards 
falls to the bottom, of those vessels in which the fer- 

• Tlio nifirktucL ahovic liy irvertru u>iT]TinA>ics tAhrii frrmri tfi? firtt 

volume of FH>inf5stu K-’uijoniy, wriln-n by me fur tiu-('dlmiai-t CydurPteclia 
Tt wiia fitime liiuc biuu^fit lurward da evulence in a r^vniuo trin), m 
ijlieh a ihdt T vt^a^HiKiu(;<■(! to mi\ke oxf^crmnunta v.th view uf 

A$cerUiniii]|( Viuw f-ii tliu^e airthcii, troiii wTmm I tijok Iho statiMueij^, watc 
corrcLt 

X jj'rncutcti srvera] Bnmplei of paft* ma}t of tlip from clrfli^rent 

corn ticlora pi net ^ %’huv were '^own 111 i^ifl brent rlnHsu .ibout tlie 

ginniUj^ of A|)rj|p iluiiK with :i J11II of harlt>y 'rh(*ti,ir]ey ffipw in i-ijurvo j 
birt for three weokiH there wdh bttle or no He^iseaniuie of thmuaU The 
mutt theitHpratiFE up abundantly m all tbo dnlls, and, at lorinoil fiood 

ettra of corn. Tfin only difll-neneo wan, fluit the malt, in Hhoutiun;, lunrnnf; 
e^rs Htid r 1 [H^tiiii^, w.^a jtlwayn throo wneku ktterlh.iti the hEirU-y 
^ Ne 5 ^t yeaT 1 procurerl ftnin an eTniiiciit corn Ijetur home twilc inoU, pn'tiod 
grain by grain, e.Meh of which he [n-otiotinroU tu lie malted 'J hi cm 

were^wn 111 dn 11 # .iH before. NtA oik' gtnin nn'r I'be your 

after, the Miienmcat was repeated on picked grdLU'f, with Uie fame result. 
We iftiiy therefore first, that m j/^'r/^rt malt the vita] prmurplo a ejt^ 
tiiu:ti Eccenf], tiJat the prtH'ciS Of malting ili very im^HirfoetLy pritettHod; 
and, third, that the i-videncie afforcteii Uy the growth of stib^PULtcd malt, so 
often brought fr>rwaTd hy cKoi^c othcera at revenue tr^aia, ought to be con- 
■idcretl as proving nothing. 
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mentation of infusion of I'lialt is .conducted. Little is 
knoTVn of the nature of fermeiitg ; yest has been sup¬ 
posed to be f^tuten ; gluten has been found capable of 
producing fermentation^ and if known to exist iu 
graphs and [gooseberries. If grape juice be deprived of 
its gluten J>y boiling and filtration^ it will not fennent, 

Alcolioi is composed of oxygen^ carljon^. and hydro¬ 
gin ; the oxygen in saturated with as much of tlie 
jiydrogeii present as would form wrter, would leave 
exactly as much hy<li(*ogen as wwdd saUurate the carixin 
ptoseut, fio as to form olefiant gas. Hence alcohol may 
be said to he a compound of w^ter and oJedant gae ; or 
the sanie^may he expressed by sayibg that it is a com¬ 
pound of oxygen^ carbon, and liydrogen. If its com¬ 
position Ik expressed in the latter way, it will stand 
thills;—Oxygop 34'834il, carbon 5^^’103,5j hydrogen 
13^0611 = 100 gtaius: if in the former way, thus: — 

Volt CT 

cut. 111. ^ Gr:iiii^_ 

lOO vaiiour iif water coiibiat of j flji? { KrEivity ^ 

100 oleliant gas cJriaist itC ^ 2,* atU} graTify 0 '* 


20U conrtcntiHl twin 100 nf alcnlioU and of spMi-> 

vapaur wcigJ^iu^ ^ - J tit: gravity! 


15709 


Hence, the sj>ecifie fjravitJ of the vapour of alcohol, at 
60 *^, is S'5H; 100 cubic indies of the vapour weigh 
48*6S grains; aiwl 43*68 grains of pure lii^uid alcohol, 
when resolved into its two constituents, would consist 
of lOOtcubic inches of, vapour of* ivater, and 100 of 
olefiant gas, We have now to enquire how alcohol is 
formed from sugar, v r 

The composition of sugar is so tlifierently stated by 
chemists, that the analyses given can be considered as 
little better than good approximations. According to 
Berzelius, 100 parts consist of carbon 44-g, oxygen 
49*015, hydrogen G'785, Dr, Ure says, carbon 43'38, 
oxygen 50''SS, and hydrogen 6'29, in JOO. Gay- 
Lussac and Thenard give tile numbers thus: 42*47j 
5()'63j and 6*9. Dr. Trout gives carbon 42*85, and 
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tile elements of water 57^13. Were we to confer 
suj^ar conipOKod of carbon 39"931/5j oxygen 53'3941, 
hydrogen frfiTtl'j the, foilnwingVouM be the consti¬ 
tution by volume of'yS’fiTS parts; and the rcasop tor 
stiloctiiig that number of parts will presently ^appear, 

• tlrjins. t’libir in. 

Carbon vapt: ir 3 >S-(Ji(iO being h^vohime or H vols. 
Oxyguii - - * - - 1.10 or 1 ^ 

ilyihoiTuii - nj*i 

_■ _ 

9j*"J 7S rcsolvalile into 750 


NoWj according to Gay-Lussac {Av^inli^a He VMm, 
xcv. 3lfb)j 100 }>J?:^ts of sugar, w^ien matle to undergo 
the ]>roct;ss of feriiieiftation^ are converted into /5T’'31 
parts by wxiglit of alcohol, and 'l-Sdifi qf carbonic acid: 
heiice, grains would afford of alcohol, 

and l'$'3b'3 of t'arbonic acid. If, in order to make^tho 
analyses curresjioud with the i^lic'ory of' voluineSj and 
tile specific gravities of jiIC gases as kleterniiticil in this 
work,* for reasons assigned, we alter the«e numbers to 
-iK'fiSO? alcoholj and 4'fi'3973 carbonic aciiS^ the fol¬ 
lowing scheme expressrs the changes which hap|>en 
during the conversion of sn^ar into ab;ohol: — * 

Siiffar Ak^^hnt. « (.'arboriic ncLt 

Cutl in, flTMIILd. (jTelllia. 


Carbon vapour 

Ouygen - 
H ydrogen - 


200 

ItXl 

50 

100 

mi 


weighing 25ilJiO 
lf]'057a 

• - 

’Mcighiiig 



weighing 


12(jp20 


t^cighing 33'9l5ii 


* and jiti'597y 


By comparing this scheme with tlie composition of 
alcoliol given above^ it will appear tliat tlie analysis of 
the 48'6807 grains of alcohol is the same* jViuI from 
all these statements it may be collecteci, that 95*^78 
grains of sugar (which consist of gases amounting to 
750 cubic inches) are converted by fermentation into 
46*5975 grains of carbonic acid^ and 48*6807 grains; of 
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aJcyliolj consist] 11 !^ of lOO cubic inches of the vapoiiT of 
water, and 100 cid^ic inches of olefiant ^as, 'I'liesc 
catcuiations correniiotad so accurately with tlie facts^ 
tha^I do not hesitate to adopt thijm. We may briefly 
express the challf^e thus : somo of the carbon ajul some 
of the o:i*ygcn com tune to form carbonic Lcid, wliich 
^Tthales duriii^.^ the fermentation ; wliile ihe rtinaindcr 
of the carhoiij the remaimlL/ of tlie oxygen, auil tlie 
wliole of tile hydrogen^ comi)iTLe to form alcohoi. ^(lie 
iermentation takes place independently of the elements 
of the atiuosphejc ; tile pro^Ipct is even larger when the 
atmosphere is ex chided, hi the case of grape sugar, 
Gay-Lussac found tliat^ at the licginning of the process, 
the aljscrption of a little oxygen vas necessary, 

Jf rmnittithi },a liquor that has 
already undergone the sdnous fermentation, is exposed 
for a length of time to a temperature of tile heat 

rises 10^ or 15^, a Inssing is heard, carbonic acid is 
generated, the oxygen of the atmospliere being absorbed, 
iukI the vinoivJi taste gives place to an acid one,^ I'he 
alcohol which the liijuor contained is now converted into 
vinegar, I’^loating slireds make their appearance, and 
are deposited as a gelatinous magma, Tliese are the 
clianges which take plao^wheii a large quantity of 
vinous liquor' is acted upon: if the quantity be small, 
no change is observable hut grailual souring. 

In onler to form vinegar, it is not necessary that the 
liqiiiil employed should have undergone a distinct and 
sep^irate vinous fermentation, it will answer as well if 
a solution of ^ggar, mixed with yest^ he exposed to the 
temperature of^O^' tliroughoutj so that’the vinous fer¬ 
mentation shall proceed witil rapidity. In this case the 
acetous fermentation goes on aimiiltancously with the 
vinous ; but the former continues after the latter lias 
ceased, and continues until very nearly the whole of the 
alcohol is acetified, 

Tliatit is the alcohol which is converted into vinegar, 
appears from the fact, that a very dilute mixture of al¬ 
cohol and water, along with a little charcoal, will, in 
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alx>ut forty days^ loao aO tratc« of alcohol^ and bccoinc 
vinegar, * 

L? 

Vinegar may be fomied frotn^ solution of cnminon 
sugarj sweet juicLS fruits, ejipecially the grape, in¬ 
fusion of nialtj By tU. .li stilJation of wooil^t is 

obtained abundantly, along with tar, whieh fan readily 
be removcTl, ^ Cider, if Jong ke})t, changes inUJ excellent 
vinegar; so also clo weak wim's mid beers. In all east.., 
within certain limits, the greah'r ihe quantity of alcoho^ 
present "die stvonger ^uill l>e the vinegar^ ayil tile slower 
itK I'orinatioji. If the liquor be highly alcoholic, it will 
keep any lengtli of time flritliout souring. 

The various khicts of vegetable matter CTiisting in 
vinegar, altliough foreign to its coiiRtiUition^ render it 
apt to run into ^nitreTaction by t\ie process called 
thcring. This is proveuted by distillation, and les.s 
perfectly hy boiling; but flavour isyu the former ease^ 
lost, liy freewiiig, it may be concentrateil; for the it^e 
is water, and jjiay be rcmoveik By saturating vinegar 
with lime or potash, c^.iporating to dryness, and flis- 
tilling tile dry salt with sulphuric* aci\ we obtain a 
perfectly pure aci<l in most concentrated form. It 
Is DOW colourless, trami[>arent, c^ocedingly pungent in 
smell, and of a caustic acid taste. In this stated it is 
callecl lU'etic acid r it do?s no* differ^from vinegar, 
but in purity and concentration, By a process of this 
kiml, die tarfy empyreuinatic vinegar procured by dis- 
tilling wood may lie rondeied as [uire as that <lerived 
from any other koutS^ 

When acetic acid is highly concentrated, it is capable 
of crystallisiing. The liquid acid, at is of specihe 
gravity 1'063. Even at iliis strongfli, diere^is some 
water present. If more water Ix^ gradually added, the 
specific gravity continually increases to 1-07-1* If more 
Avater be still addetl, the specific gravity, iustcafl of 
increasing, diminishes continually. The vapour of the 
strongest acetic acid is combustible. 

Theories iiave been brought forward to account for 

z 
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tlie formation of vinegar iluring the acetous ferrnent- 
aticiij foundetl on the belief tliat the ahsMir}Jtion of 
oxygen from the atinosplitre is iudispeiisahle ; and tire 
agency of the oxygen has been j supposed to be the 
removal of carlwii aiitl hydrogen from the alcohol, by 
tile formaltion of carbonic acid and water for it is 
known that acetic acid contains less carhch; atul Iiydro- 
g^n than alcohol. A theory of this kind, however, has 
,to contend with the fact, that aitLough oxygen is 
absorbed du’^ing the acetous feniieiitationj and carhonie 
add is formed, this absorption seems to be effected by 
!K)me other carbonaceous inat&.T present in the liquor^ 
and not by the carbon of the alcohol; for vinegar may 
be fonuetl perfectly, and with ease, even though the 
access of *iit be totally prevented. This fact is proved 
by many instances, lleccher inchulcd wine in a glass 
Iwttle, which it filled ; be bermetically sealed the mouth, 
aiid^exposed it to a digesting lieat; aftei some time the 
wine was converted into ’. cry strong vitie^ar. {l^fiysiva 
SulAvrrnvm^ Lipslcc, p.l84.) Fourcroy and Vauqneliii 
obtained vinegnr ffom a solution of sugar contaiifed in 
dose vessels. IJomberg included good wine in a bottle, 
and having dosed It* accurately, he fastened it to the 
sail 'V>f a windmill; in tlire<; days it was very good 
vinegar. It a fact,well Itnown to every one, that a 
bottle tilled witli weak beer, and closely corked, will in 
some time be converted into vinegar. It may )|e said 
tliat air was absorbed through the cork : but diis could 
scarcely happen : for, after a cub?c inch or two of oxy¬ 
gen would thus be absorbed, tlie neck of tlie bottle 
would he filled with aaotej and »there ieing now no 
l<7nger the aid oC a partial ^vacuum, it ie hard to con¬ 
ceive how air could enter. But the experiment of 
Uecchcr seems to me irrefragable ; and, I think, we are 
hound to admit that the absorption of oxygen during 
the formation of vinegar is incidental, not necessary. 
According to Gay-Lussac and Thenard, 100 parts of 
acetic aciil consist of 50*224 carbon, 44'l47 oxygen, 
and 5'62y hydrogen, Ijf we alter these numbers very 
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JiltJej their coiiiciileivce with* the doctrine of volumes 
and correct specific f^ravities leads to a constitution of 
acetic acid^ which seems to he ttm? truth. Let us take 
caiboHj 44*K)S oxygen, aiul ,^'564 hydro^ifenj 
as tJic ratio in 100 parts of acetic acid, then the ratio 
in .'IIS'1005 parta will 19’02.'i carbon, oxy¬ 

gen, and 2' ltf>7 hydrogen. It^^re the quantity of oxy¬ 
gen is the same as existi^in 4Sd>807 i^rts of alcohol 
(sec the scheme ai page *^1*' quantity of «arhon 

50 cubic inehes less, jfhd the quantity of liydrogen ia 
200 cubic inches less. 'j;he composition of acetic acid 
would stand tlius : — 

• Acrorainp (n 

anil 

Cub in. iriLini. Perrt^nt. ThcJi»ra'!^ aiulysK. 

CartH'll vaimur I'lO WtJBhintf >151 or /jOiJGJ? 

0\>f:rii - - W - - ltpEi;^7(i 4+or 41147 

^ UW ^ - £li^ tjT 

31)0 3S111U3 or ll?U * or luO 

___ 4 __ _ __ * 

The oxygentand liydD gen afe here in tlie ratio which 
forms water, as was proved to he the casein acetic acid, 
some years since, by Dr, Trou^ Accordirl^ to this view, 
when 48*(i807 grains 4)f alcohol are convcrtetl into 
88’1008 of acetic acid, its ox) geif remains unchanged : 
'^it parts with cubic inchqf of carbon vapour, and 200 
of hydrogen, which unito, and fo/m the ^latinous cake 
always produced. This, when dri'^d, becomes as thin 
as paper, and hlasies at the candle, emftting a smell of 
scorched wood. Its qpmposition may be similar to that 
of wood, the oxygen being tlerivcd from the air f or, 
when access of air is prevented, it may be a hydrocar- 
buret. If alc#bol bc^oneitlercd as a compound of water 
and olefiant gas, acetic acid will be a com pound vf water 
and carbon. 

The following is a summary of the changes wdiich 
probably happen when 95'278 grains of pure sugar are 
made to undergo both fermentations100 cubic inches 
of its carbon vapour combine with an equal volume of its 
oxygen,and form 46'5973grains of carbonic acid, which 

z 8 
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t^scai>es. The remaining kOO cubic inches of its carbon 
vapour combiJic witl\ the remaining 50 cubic indies of 
its oxygenj ami '^00 (the total quantity) pf its hydrogenj 
producing 4f5^b\S07 grains of pif>c alcohoL Of the 
catlibn vaponr containetl in this alci^hol^ 50 cubic inches 
combi IK' c/ith 200 of its hydrogen, probably consti¬ 
tuting the gelatinous sl^me; while the rtmaiuing 150 
cubic inches of carbon vaptPir combine with the rc- 
Billing 100 of hydrogen and 50 (tne whole) of the 
oxygen to fAnn 38'lOfh'i grains 6f acetic add. 

The aceUnis fermctit?lion requires its peculiar fer- 
iuent as well as the vinous. What ita nature is, we do 
not know ; but it is helieved to resemble the vinous fer¬ 
ment^ ill being some uiodificatipg of gluten. When a 
saccliariiie liquor fernicnt^i^ the ferineiitatioii will pro¬ 
ceed to the aCsjtous stage^ if the quantity of alcohol 
evolved bo small, ind the teinperatare Ik: kept up. But 
lUthough, ill this case, the vinous fermoiU produt^l the 
acetous fermentation, title acetous fenm^nt never pro¬ 
duces the vinous fennentation. The slime found ^in the 
bottom of vinegar vats acts as a good acetous ferment, 
PutrfJhfihT. finmiftfitifyn- —The putrefactive fer^ 
mentation aHects SrfCh animal and vegetable matter. 
Animal matter consists cVvefty of oxygen, I'.ydrogen, 
carbon, and at ote, Wuring its putrcfactioti, hydrogen 
and azote combine and form ammonia j hydrogen also 
comhines with dxygen, forming water, and withTtiarbon, 
aflbrtling carburettetl hydrogen: ^carbon and hydrogen 
also,unite and form carbonic acid: the chief part of the 
carbon remaina in some obscure state of combination for 
a series of yearSjif air be excluded fbut if not, the carbon 
dmppetns after some time. 

The smell of putrefying animal matter is in part 
attributable to phosphorus and sulphur, which exist in 
small quantity in it, and which dissolve in hydrogen 
during the new order of aiKnities. Hut beside the 
odour of these, there is some other far more disagree¬ 
able, the source of which is not known, hut may depend 



tllAP. II* 


PUTllEFACTJVE FERMli:JSTATIO^', 


3 45 


m tlic solution of animal m|,tttir in scfliie of tlie gast's 
(ivolvrd, ^ 

Putrefaction does not take place at low tcniporatures': 
lienee the bodies of aiiiinals liafe been preserved for 
ages in icOj fresih S.s at tlie day of their deatli. Moist¬ 
ure so necessary^ that animal matter, wliieli has^ceu 
dried by ^'eklent ov design, wiiS keep a gre^t length of 
time- Of tliis, the raUcoinhfl ^of Palermo, where tl>e 
dead hoflies are preservetMndertnitely long by the more 
proce^^R of drying, aflord a striking instance, • * 

Wlien vegetahles [JUtrefy^ the eliange" are not so 
eomplex, heeauRC the ojemeitts coimnned are fewer* 
The oxygen coinhjnes witli hydrogen ; laiotlicr portion 
of hydrogen comlftiics with carbon, ’"Hie chief part of 
the car1>on remains a# such, unleiSs free access of air be 
admitted, wbicfi tlieu slowly combine*; with it* 

1 In ring the piitrefaction of animal and vegetable ' 
matter, nuich^heat is protlucrd ; and*lf the mass be con- 
si:U‘rable, the heat con tin Lies a loi'tg time* I founJl the 
heat of a heap of stable .'nnun' ami it maintained 

this ^ni[)erature for a week ,■ but it ^jontmued very warm 
for two inonlhs. Hay that itas lieeii sto*ed damp often 
takes fire* * ^ ^ 

I once witnesst'd a singular case of putrefgfjtion, * 
which seems worthy of nwlice, as 1 do not remember to 
have seen any account of a similar caJb, It occurred 
at the Richmond Hospital school u medidne in Dublin, 

1 think in und was H^n by most of the lecturerB 

and pupils* The Ijody of a girl, about thirteen years of 
age, was lai<l on the ilissecting table : there was ivothing 
remarkable in its condition ; it was snyitner* In some 
days a wdiift smofe began to exbalf, which increased 
for two days, and then liecame very dense* There was 
!io more fetor at first than in onlinary cases; hut at 
length a smell so intolerable arose, that it was necessary 
to remove the body to the vault* I occasionally watched 
it, hut nutlnng further occiirretl; the smoke in a few 
days mort^ ceased* There was no heat devclot>ed that 
I could perceive* 

z 4 
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Etherjt .—"WTitn oijiial wj^ij^htsof alcoliol and suljiliiu 
Tic acid, both as strong as possible^ &re distilled, a liquor 
comVft over, the ciiief iiigredieiit of which is a light, 
odorous, cotouilcss, Mgldy volatile litjuid, of a pene¬ 
trating tasU' and smelL This is failed ether; and as 
there arc other ethers, it, for distmctioii^ ia caUed 

According to thij anafysis of Dutnas and lloiiUay, 
iflO grains of ssalplinric other consist of oxygen 
feydrogen*l*3*NS^'3, and carlion Jf we correct tlieso 

nuiuhcrs so to make them correspond with the tlicory 
of volumes and the specife gritvities of the gases which 
seem best supported, we shall have (the analysis thus: 
— Oxygen 'il'fiiiU?, hydrogen 1,S'508f), and carbon 
fj4'7f)98 ^ 100. Aceordiiig to tl]is corrected analysis 
of 100 grains, 39’14^6 grains would cohsist of oxygen 
* 8'4788, hydrogei^ '^'*998, and carhon 25‘3(>40, Com¬ 
paring this with the analysis of 48‘fi807 grains of 
alcohbl, stated at page 337*, it will appear that the qmn- 
tity of carbim is the same in both. ^ 
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Dilftrencc* 


Cfrainji, 

Grains. 
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Oxygen 


e'47R8 
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Hydrogen 



1 -O^BSS 

Carbon 
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■D 

—- 




48^Gfi07 

14*20 



The difference of oompositionbetiween 48'6807 graiiiR 
of alcohol and 29’142() grains of ether exists only in the 
oxygen and hydfcgen; and the quantity of(,theHe gases 
which constitute tfie difference are as 8 to 1, which is 
their ratio in water. Now, if we convert the above 
table of grains^ weight into the volumes which they 
Tepjosentj it wiB stand thus; — 
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into 

100 
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From which it is ob^iousj tliat if^ froni* TOO cubic 
incJics of the vapour of alco(jol, we abstract tJie ele- 
mente which constitute * 50 cubic inches of watery 
vapour—‘that is, hglf of the total water the ^coliol ^ 
we shall obtain cubic incltijs of the vapour of 

e.tlicr : for the wtliereal vapour weighs 29*142 grains ; 
and 100 cubic inchcH weigh grains^ as will 

hereafter appear. « 

It has been tilready howUj that alcohol may he icon- 
aitiered as a ccutibination of olefiant gas anti vapour of 
water, in equal volumes^ ^omlensed to^oiie half. In 
the aflove case, 2C0 cubic inches of*carb*n vapour are 
combined with 200 of,the hydrogen^ forming 100 of 
olefiant gas; and the remaining f 00 of hydrogen are 
fODinbiiied with tlie .^0 of oxygen, forming lOfl of 
watery vapour. In ether,^00 ci bic iiicjiea of carbon 
vapour are combined with 200 of hydrogen, as in the 
case, of alcohol; but die remaining 1#0 of hydrogen, 
amt 50 of oxygen, which the alcohol contained, al¬ 
though in combinatioftj fare diviiled into equal pijrts; 
one half the volume of watery va{>our only remaining 
ill the ether,^ and the other half beinjf eliminated as 
water. It therefore appears, that th*e change which 
alcohol suffers in becoming ether, is, in effect, the sur¬ 
render of half the water which existed in a state of 
combination in it. Ether is alcohol minus half the 
water of the latter. 

Whether this is the only difference, is a controverted 
question. It is generally believed, that in alcohol and 
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cthtTj tlie carburet of liydrogon is the same; and that 
it ii olefiant gas ’wliiclij as alwady sliowrij consists of 
two volumes of carbon vapour and two volumes of 
hydrogen, both condensed into one yolume. Dr. Thom¬ 
son rnaintaius the opinion^ that the basis is what ho 
denominates tetarto-carbo-hydrogen, or what 1 have 
described in page 171- under the name dnplocaTburot of 
]>^drogenj consisting of four yoIutiu's of carbon vapour, 
^■md four of liydrogeii, both condensed, into one. It is 
obvious til at, in either case, the r'tlio of the elements is 
tlie same ; and the only difTbrence is the mode in which 
tliey are comhiiicd,—a subject bn wliicli wt know almost 
nothing. ,l)r.Thomson cannot prove Ifls opinion to be well 
founded, iior can any one else prove lhat it is incorrect. 
The fact that the hydroeaxhuret i^evolved in the state of 
olefiant gas, when sulphuxic acid acta on a small ijuan^ 
tity of alcoholj does not seem favourable to Thomsons 
view., although it <loe3 not dcciile against it. 

The theory of the formation of sulphuric ether is 
also a controverted subject. It bad long I seen believed, 
as it is still (Jy muny, that when sulphuric .acid ami 
alcohol are distilktl, ether is formed, lieeaasc the affinity 
of sulphuric acid to^wvtter is suc'li. as to subvert the com¬ 
bination of the elements of the alcohol whcni aided by a v 
high temperature, and* to T#ltbdraw halt its water, or 
tile elements ot water, in the manner already descr^e<l* 
This view is supported by tlie fact, that an ether, wfiicb, 
according to Bouilay, is absolutely the sanne as sulphuric, 
is obtained by the intervention of ^^mc other acids which 
have"a powerful affinity for water, as arsenic and phoa- 
phoric ; but is opposed, by^tti^ folloT(^ng consider¬ 
ations : — 

Wlien e^tual weights of alcohol and sulphuric acid 
ate mixed, and no artificial heat applied, the result is 
not a mere mixture of these two bquitls ; for, although 
sulphuric acid forms insoluble salts with iearl and baxyta, 
the above mixture affords soluble salts with these bases. 
Tu fact, the olefiant gas of the alcohol acts the part of a 
l»&e; it loses its gaseous state, combines wdth more than 
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half of thft sulplmpic acklj and the latter, in conse- 
quouceof disunion, loseri half its saturating power, ^I'he 
cginhiiiation of siilphurit' Rcid jndth olefiant gas con¬ 
stitutes an acid diiiereiit from all others; it is called 
^iull^^hoviilfe (wid. This, aecorrllngly, is tlie chiff in- 
greilTont jyhen cdcoliol and sulplniric acid am 

When su^pliovinic acid is f^stilleil, it is decomposed ; 
the sulphuric acid reappears i if its orifg.iiaJ state; add 
the other elenieiit, carburet of hydrogen, (wiyeh wonM 
be olefiant gas, were it in the gaseous state,) eomhines 
with ivaU^r tliat had been pjrcscnt in the sulphovinic 
acid; and, accordijjg to tlic quantity of water with which 
the carburet of iiydrogen combines, jetlier 6r alcohol 
will he formed. If ^hore was iquch water in the sul-* 
ph ovinic acidj ihe result will he alcohol ; if little, ether 
will la; profluced. This fact favours dhe idea that tliei 
hydrocarbon in ah'ohol and etlicr iedtlio same. 

It has lK.'ed suggest’'d by Mr- Hennell, the discoverer 
of the cfiicf fiicts relative to the theory of tlie formation 
of Bidphuric etlicr, that when equal wg^ights of alcohol 
and sulphuric add are distilled, thd resulting ether may 
be not formed by the *lxrect action of these two bodies, 
but hulirecliy by the previous ftH-fliation of aulphoviiiic* 
acid, and its continual decomposition, and recompSsition 
from the residual unaltered qbintitiea^of alcohol and 
sulphuric acid. During the distillation, he tested por¬ 
tions of tile liquid in the retort taken aA different periods, 
witii acetate of lead ; anti founrL that the quantity of 
insoluble aul]jhate of lead precipitated continuqjly in¬ 
creased, because sulphuric add was continually evolved 
by the dcc#mposilion of the sulphofinic acid* The 
reason that ether, and not alcohol, is generated during 
this distillation, is, that the quantity of water present, 
and not held by tlie sulphuric adtl, is only sufficient to 
afford ether by union with the carburet of hydrogen 
evolved from its comhination with sulphuric acifl* But 
if, previously to tlie distillation, water had been added, 
then the result would not be ether, but alcohol. 

At the commencement of the process for obtaining 
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etlier, that liquiil only is pihduced ilong with a trifling 
qnai^tity of alcohol. When nearly tlie whole of the 
ether generated has parsed over, ml of ^nne distils ; this 
fluid, according to Mr, Hennell/ccnsists of sulphuric 
addj fneutralised hy carburet of liydrogeiij and not in 
tile least ac'd; it differs from sulphovinic ucid only in 
con tain] tig twice as much carburet of hydrog^tn Olefiant 
gac is diBCTigage|l about the same period. Then come 
^ater^ suljdmrous acid, and carbonic acid* The liquor 
in die retort blackens and thickejs with evolvcil char¬ 
coal ; and when cold, I liavo found masses of a solid 
black pitch in it, resembling co^rnmon pitch* 

A theory of etherisation must account for all these 
plienotnena. In the subsequent stajjes, ivc must suppose 
tliat tile alcohol which had diluted the sulphuric acid 
being now for the most part removed, the water which 
was abstracted from the alcohol having distilled over, 
and the sulphovinic acid all decomposed, the sulphuric 
add is in ao large a quantity, and so mucli concentrated, 
that it acts with greater energy than over on a little 
alcohol remaining* ' The water is totally with<lrawn 
JVom this alcohol; and it is hence,resolveti into carburet 
jrf hydrogen, part of Which escaiics as idefiant gas* 'flic 
ather part reacts on the sulphuric acid ^ sulphurous 
and carbonic apda and water result, and distil over* 
The pitch is the last remains of the carburet of hydro¬ 
gen, which, no doubt, would have been eventually de¬ 
composed by the sulphuric add* The reason that the 
sulphuric acid and the carburet of liydrogen, at the end 
of the process, do not form sulphovinic acid, as at tlie 
beginning, is, thi^t the temperature h is becorie consider¬ 
ably elevafeil* 

VVhen the vapour of ether is mixed with three times 
its volume of oxygen, and a burning botly apphed, it 
exploiles with violence* A dangerous explosion oc¬ 
curred to me from the casual intermiKture of common 
air in an apparatus in which ether had been distilled,— 
a candle having been applied to the tubulature. To con¬ 
sume the vapour of ether perfectly, 100 cubic inches 
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require COO of oxyp;'^n ; results ar^j waterj and 400 
(nibie inches of carbonic acid* It is obvious, tliat as 
oxy^^en docs not change ibi liulk, in becoming carbonic 
acid^ and requires its* own volume of carbon vapoui^ 
there must have been present 400 cubic inches of eSrhon 
vapour; i^id as the remaining S^OO cubic inchw of oxygen 
formed wabir, they must hav^^ met 400 Of hyilrogon* 
Hut the analysis alrea*!]^ statetf shows ^liat Wn-iter uflle 
originally prc'^cnt, the couKtituents of which ^oiint tp 
50 cubic indies of oxygen^ and 100 of liydrtfgen* II encBj 
etliercal vapour consists of 4Q() cubic inches of carbon 
vapour — 500 of hydrogen — lO'5i)S5 

grains^ and 50 o>^gen = Jfr057l> griyiis ; ift all^ 950 
cubic inches, eondenged into lOPj \\eigliing 7^'^^41 
grains ; antL liuvce the specific gravity of ethereal vapour 
is 2'5 U>7 by calculation. Gay^Lussactfound it^ by ex¬ 
periment, ‘md DespretK 2'589S* 

Kther is a Kquid of a penetrating taste and agreeable 
smeU* Its specific gravity,'when pure, is 0’7- It 
boils at Dti'*; but evaporates in the opci^ air at all tem- 
perattires^ atid protluces so great a cbld, that water may 
readily he frozen by iL* It is soluble in all proportiorcs 
of alcohol, but only in a very laJ^S quantity of watei, 
'' It dissolves j*.,th of sulphur, and of phospbonis* 
There are several other ethers''hnownj>esule the sul- 
Ijhuric ; b\3t their nature is so far different, that they are 
combinations of the aciil employed in thtfir formation with 
other elements. Thm wc have nitric ether, a compound 
of liyponitrous acid with the same elements as eiyst in 
siilj)huric etlier^ Muriatic ether consists of muriatic 
acid, carboUjp and kydrogen. Chloric *ether contains 
cblorinej carbon, and hydrogen, Hy dr iodic ether is com¬ 
posed of iodine and olefiant gas. Acetic ether is a coto- 
pound of acetic acid and the elements of sulphuric ether 
Oxalic ether is similarly constituted, but contains oxalic 
instead of acetic acid. There arc a few others, but 
they possess no interest. 
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OF COMBUSTlOr^. 

One of th(^ most romarlvable^ important^ autl least under¬ 
stood phenomena in natdroj is the process of combustion. 
It haSj unsuccessful]y, occupied tlic atientiori of philo¬ 
sophers in a!! a^cs ; and oven at moment^ the chief 
diificulty remains unexplained. It would be in vain to 
rletail the diffcireTit theories which have been advanced^ 
even in cv^mparatively iinodcm times* as they have not 
now a single advocate I'lie theory which^ of late yeara^ 
has occupied most attentioHj is that oil Lavoisier ; the 
chief positions o^ which hail been advanced in by 

tile ingenious, or, as might be said* considering the 
period, the illustrious Dr, Robert HooIili Jlut, owing 
to circumstances, his ophiions were forgotten ; and, in 
ail probability* ivere utterly unknown to Lavoisier. A 
very retnarkalih part of Hookers doctritie on cvjmlmstion 
is tile following : — This action, or dissolution (i, e, 
combustion) of indflnVmable bodies, is performed by a 
ffubstance inherent in air, that is like* if not Ifw vm/^ 
Mimfi wit Ilf thai,v^hu‘h Jbwft in tfuKpetre.** IJere is tlic 
foundation of the Lavoisierian theory* the co mill nation 
of the cotnbustiblc with oxygen. Rut Lavoisier had 
made the experiments* from winch his theory was in^ 
ferril^le* long Iwfore any such theory was inferred; and 
we fiml him, in his i^pmenifo^ at Chimiqnrjtj 

1775j utterly ighorant of the conclus '.ods to.jvhidi tlie ex¬ 
periments there descrihed, and others not contained thete, 
afterwards led him. According to Lavoisier* combustion 
can never take place but when oxygen is present. Oxygen 
p;as is* according toLavoisier*a compound of a gravitating 
base* caloric* and light. When a coinhustible subsUnc5e 
is exposed to the necessary temperature in oxygen gas, 
the latter is decomposed* the gravitating liasts of tlie ga« 
combines witli the combustible* and the heat and light 
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separate from tlic gcis in tht form of fire- Tims, tlic 
latent heat of the oxygen gas is the sensible heat which 
ajjpears in the phenoinent/n: aiifl attributerl to oxygen 
gas a greater quantity of latent heat than to any other, 
A Jiffmmt explanation of the source of the supply of 
heat was goon found necessary. It was supposed that the 
mean capacity of the oxygen jyiil combustible, is greater 
tlian the cajiacity of the ^ubstaftce forinptl as tlie pi*R- 
duct of the ecm.iustion; and that the excess tif' the foi# 
!Tier heat sliouhl be t."volveilj ami rendered! sensible, as 
we find it to be. Jiut mod^n researches do not cor¬ 
respond with these^stateinenU: it is found that the pro, 
flucts of coTnbustjpn have sometimes a^j greati^ capacity 
for heat, than the suInstances heti^een which combustion 
took place. For instance, it was posed that carbonic 
add has a let^s capacity for heat than oxiygen gas: hence, 
when charcoal is burnt in oxygen, tbe heat developed is 
chiefly the difft-Tence b Lweeii the specific heats of the two 
gases. But it has been since Affirmed, that carbonic acid 
gas lias a greater capacity f u heat tlmn jxygeu; and, if 
tins Be afaet, it ought to happen, according to the thpory, 
that in the formation*of carbonic acid, as there is no 
comleiiKatifm, there should l>e an absorption of heat autl 
production of cold, instead of a t>rilliatLt cainbustion* 
Nitric acid and nitre, in ffoth of which oxygen lias 
loiftt all the heat that belonged to it as a gaa, are capable 
of' affording combustions with combtffetible bodies, the 
heat resulti[Jg from^ which is much more considerable 
tliaii oxygen, in tlic solid state, ought to give oo^ con¬ 
sistently wdth the doctrine of capacity. If, Tvith Jiohins, 
we suppose ^hat a iiihic inch of gunjJcfWder, wlien ex- 
plotleti in a vacuum, produces 24^^ cubic inclv'S of gas, 
tlie enormous quantity (>f licat necessary to supply the 
increased capacity of the particles, now become gaseous, 
cannot possibly, according to this doctrine, lx> derived 
from solid oxygen, which, were it even in the gaseous 
iitate, would contain less specific heat. In such cases, 
recourse must he bad to latent heat. 

Another defect that was soon observed in the theory 
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of LavoisieT, related to the emission of light in com¬ 
bustion, The quantity {]ual]ty of the light evolvedj 
was fouufl to tiepeud fu the nature of the combustible : 
and it frequently occurs, that light 'in abundanoe appears 
in c6inhmatJonSj when oxygeii iis not present, A motlL 
tied the or} was then proposed: —Oxygen consists 
of oxygen (as the gravitating base vras’^calkd) com¬ 
bined with caloric. CornViustihies consist of an unknown 
‘tjase, combined witli light. In coinbnsiio.i, a double do^ 
cnniposition takes place: the o:?fygen gas gWes up its 
heat, ami the combustibk its light; the heat and light 
combine, and form fire; while the oxygen and com¬ 
bustible base fomi the new product. This theory is, of 
ooTirse, hablc to the ^'unc objections with regard to the 
source of the heat. 

7’he difficult/ arises, in part, out of the opinion^ 
dmt heat and light are material agents. But did 
circumstances permit our understamling neat as a mere 
condition of matter, which, in my opi^iioii, they do 
not, one source-of difficulty vrould be removed. It a])- 
pears to me, tliat, admitting the materiality^ of heat, 
we should not singly look for i+a source, iluring com¬ 
bustion, in changes of \iapacity, or in the quantity which 
bodies contain in a latent for in, in consequence of their 
l>eing liquid ■(>» gaseous, do not know suflficient 

on the subject of the quantity of heat rendered latent in 
changes of state, hr the alteration of quantity that arises 
out of change of capacity, to render such a restriction, as 
to the, source of what is developed in combustion, safe 
in such investigations. When phosphorus, charcoal, 
sulphur, or a hietal, burns in oxygen or^cldorine, or 
when gunpowder bums in a vacuum, much heat is 
evolved. This must certainly proceed from the solid 
or the gas, or, moat probably, from both. We have not 
any knowledge of the real isero of temperature; but it 
seems certain that the absolute quantity of heat con¬ 
tained in matter must account for that developed in 
oombufition. Until something more precise is known of 
the quantities of heat which constitute the latent caloric 
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of diftbrcTit states of existeofe in matter^ or tlie specific 
quantities which tlifferent kinds of matter requirf^ it 
seems but prudent to refer the heat of combustion to 
the general stock \jlm:h all matter containsj without 
studying the circumstanceis hy which such lieat js re¬ 
stricted, in its recondite residence, as to solidity, liquid¬ 
ity, or gaEeq^s form. 

These are not the only diffthulties that beset the Im- 
voisierean theory of combustion. Its fuiidaineiital 
sition is, that combustion never takes pl^co T[)ut when 
oxygen is some way or other present. At its first pro¬ 
mulgation, combustion wits identical with oxidation : but 
the English chemtsts made the essential difjereuce to 
consist in the sitRultaneous tlevelopmeiit of heat and 
liglit with the ^occurFetu'e of oxitJahon* li»deed, the 
subject has been nccillessly perplexed by a want of 
agreement as to the meaning of the^term com Inis tion ; 
or, in other words, what class of phenomena should b(; 
considered as constituting it. * It is singular that, in al¬ 
most ah chemical works of the day, oxirlation, tile main 
feature of die J^’rench theory, and 4he insurmountable 
obstacle to the disposal of tlic question, is still retained, 
M^liat is the use of siicb a restriciiyn? It unnecessarily 
»complicates the dilficulty, by excluding a numerouB and 
important class of phenonlfcna, wdiich heat and light 
are concerned without oxygen. Why Should we not 
take the word combustion in its obv^us and popular 
acceptation,—“that meaning under which it was origin¬ 
ally adopted in phyrf^^s? Wc say, the fire burns, a 
gas-light burns - and we merely mean that inteiiscf light 
and heat are einittet^ from a body affected by some con¬ 
dition which^we do not further trouble^ ourselves about. 
The view taken by sir H. Davy seems to me fiy far the 
most consonant to phenomena, and to divest the subject 
of those difficulties which a useless restriction has im¬ 
posed upon appearances quite difficult enough in theni- 
eelvea to comprehend. Generalisation is the great in¬ 
strument of research, as well as of memory; and the 
greater number of facts a generalisation contains, the 

A A 
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more important an instrumeTit it becomes. Sir H, Davy's 
view is simply an expression of facts; and it seems to 
comprise all the in^;^(lients of an adequate lieftniticn* 
The restricted sen^e of comhus^on was fouiuled on 
die ^dmissioiij that nothing could burn unless oxygen 
were present. The progress of discovery has developed 
so many exceptions to the theory, that they^ow equal 
d e number of the conforming instances. If a meUd is 
^urnt in oxygen, the case is avoWrlly one of combustion t 
but if the sapne metal is burnt in^chlorinCj with just the 
same appearances, it is not combustion; it is then de¬ 
signated by the timid name df^ugratiori. If potassium 
be heated in oxygen^ it is admitted that combustion 
takes place: buf if potassium be heated in cyanogen gas, 
the metal burns with 1he same spiendour, yet this is not 
com bu stion, I ron wire u ndergoes a bri Uian t combusdo n 

in oxygen: iron Ijeated in sulphur bums with all the 
appearances of briUiant red hre. Why *'hould not this 
he a case of combustion equally ? The metal thorinum, 
when heated in gaseous sulphur, burns just as web as in 
gaseous oxygeit Should not both phenomena be equally 
entitled to be considered as combustions ? Wlieti gun¬ 
powder is heated, it^explodes with considerable emission 
o f heat and light: there is another powder, iodide 
azote, which, when touched (S'? heated, explodes violently, 
and evolves intense heat and light: one is cal^tl com¬ 
bustion, the other ia not. A mixture of oxygen and 
hydrogen, when heated, explodes with the production of 
licet and light. If that gaseous compound of oxygen 
and chlorine, called euchlorine, be heated, it explodes 
with the sensible phenomena of f^e also; the circum¬ 
stance that the farmer is a case of combi tiation, and the 
latter ijf decomposition, affords no grountla for denying 
tliat botli are cases of combustion. Chloride of azote, 
if heated, explodes violently; peroxide of hydrogen, if 
drop^ied on oxide of silver, explodes: anhydrous liquid 
hydrofluoric acid, if brought in contact with potassiuiu, 
explodes; and gaseous bihydroguret of phosphorus, if 
subjected to diminiEhed presj^uro, explodes with violence* 
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In all these instances^ ancliinany more, in which deto¬ 
nation happens, the phenomena of fire appear; ye Whey 
are not atlmitted as eases of comhnation. 

The Harae, whiclj ffcquently accompanies combustion, 
consists of heat and light; the latter being soTiwtimes 
ificommens'urate with the forniei*: thusj the j^ame of hy- 
ilrogen, whgn perfectly pure, emits scarcely any light; 
while good oil gas, which produces niuch less hAt, 
affords a dazr^Jirg illmnination- According to sir IL 
flame is gaseous mf^ter, heated so highly to be lu- 
niinons, and that to a degree of temperature beyond the 
white heat of solitl bodies ; as is shown by the circum¬ 
stance, tliat air n(A luminous will com muni Mie this de¬ 
gree of heat. TRis last is proved by tFic simple experi¬ 
ment of holdipg a fine wire of^ platinum, about the 
of an inch from the exterioj of the middle 
of the flame of a spirit iamp^ concealing the 

flame by an fl(i>a(iue body ; the wire wiU become white 
hot, in a splice where there is no visible light/' — 
Whene^/er a flame is rcTnarkably brilliant and dense, 
it mfty ^ways he concludwl, that ^ome^ solid matter in 
produceil in it: on the cfuitrary, when a flame is ex¬ 
tremely feeble and transparent, k tnay be inferred that, 
no solid matter is formed/*— *^^The density of ^com¬ 
mon flame (that of a gdS light or candle) is propor¬ 
tional to the quantity of solitl charcoal flrst depositetl, 
and afterwards burnt/* — But to produce this riepo- 
kdtion from gaseous substances demands a higher tem¬ 
perature," — By Ti^flatning a stream of coal gas, and 
passing a piece of wire gan^e gradually from the summit 
of the flsme^to the ^rlflce of the pipe, i#waa found that 
the apex of the flame, intercepted lUy the wjre gauw, 
afforded no solid charcoal; but, in passing it downwards, 
solid charcoal was given off in considerable quantities, 
and prevented from burning by the cooling agency of 
the wire gauze; and at the bottom of the flame, wl^ere 
the gas burnt blue in its immediate contact with the 
atmosphere, charcoal ceased to be deposited/’ * 

* Davy on the Safbty I^mp, 4c. 91, St, 87. SI. 

A A @ 



356 


ELEMENTS OF cnEMrsTnv. 


PAItT III- 


From those statementSj* it does not very clearly 
appear how solid matter is produced" in a hriUiaut 
flense flame, and how solid charcoal is to be understood 
as first deposited, and afterwards burnt, ” in a common 
flameL When a stream of coal gas is set on fire, the 
experiment .of collecting carhon on a piece of wire 
g;iuze held in the flame, seems to prove th^t the gas is 
dfjLompoBcd. Rut one ^wouhl he inclined to imagine 
the resulting carbon would sepa^■^":f^ in vapour; 
aufl that its appearanee in the sdid state on the wire 
gauKc happened merely on account of the casual con¬ 
densation ; the temperature of'die wire lieing infinitely 
beneath that of the flame, as shown’in the first expe* 
riment quoted, iud also beneath tliaf at which carbon 
coulfl remain a vapour^ It doea not ^ppt^ar easy to 
comprehend in what manner carbon, emerging from the 
gaseous state in carhuretted liydrogen, and instantly pass¬ 
ing into a new gaseous state hy combiningiwith oxygen, 
could iiave lieeii deposited in tiie solid state in the flame ; 
or how its existence in the flame a could render 
the flame in a .nigW degree luminous. Not isnlyvlooB 
it seem that no appreciable time intervenes, but that 
there is no conceivable ijiterval between the mcniient when 
thccai'bon is admitted to he a vapour, and its metamor- 
pbosis into another statu of vaf^iur (carbonic acid) during 
combustion^ It seems to me, that the only i^ercnce 
w'e can ilraw is, that the presence of gaseous carbon in 
hydrogen causes the latter to hum with a white light in 
some itiaimer unknown: and thii^"amounts to nodiing 
beyond a statement of a fact. 

1 conceive that there is somethi^ng else in operation 
besides tlic deposition of solid matter, in ifame, which 
causes the evolution of a dense light. On this subject 1 
made several experiments some time fsinoe; they are 
yet imperfect* The following is an abstract of a few 
of them : — A solid, unchangeable body, when heated to 
a certain degree, becomes luminous; and the hotter it 
becomes, the more intense is the light which it emits. 
There is no reason to believe that flame, whatever its 
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nature may "bej is capable of existing at different 
temperatures. Consistently with the analogy of other 
matter, we may suppose that^ at*high heatSj it is more 
luminous than at loWer* This supposition accords withj 
and is home out by^ facts. If a single jet of cofl gas, 
from a ftnbe of very small bore, be Icintllftd, it burns 
witli a flam® which, except at the bottom, is brilliantly 
white. To try tlic effect of lowering ihe temperature 
of this ffamCj^i'^made a hollow cylinder of ic^Viy mea9b ^ 
not necessary here describe, tlie ilianAter of which 
was about half an .liy inclosing the jet in 

this, so that the,flame was in the axis of tho cylin¬ 
der, like a laiitcrfi, the flame instantly hecarntf blue, and 
showed almost no light: it at length went out* The 
same effect, but less perfectly, was produced by bringing 
two pieces of ice in contact with the flame, one at each • 
side, and verjr cl^se to each otfuT; ^nd sponges dip])ed 
in ice water answerer nearly the same end* Even by 
blowing one':^ breatli on a jef of flame, it may 1m; made 
to b^m blue. Every one has observed^that the bottom 
part of*a common gas light is blue And illuminous; 
and till a fact has been*the subject of much speculation* 

I once thought that the carlKmiC oxide ivKich exists in 
gas was burnt here; but^e foregoing experiment gives 
us die true solution of the blvr colour *of that part of 
the flame* It is partly cooled by the proximity of the 
brass, but chiefly by the constant cilrretit of cold gas 
ascending from tlu^, holes of the burner ■ these causes 
acting in the same ihaTmcT as the ice. To pro’^e that 
the blue part is not so hot as the white portion, a very 
simple expqfiment ^ill suffloe* If abi?of paper, rolled 
up aa a match, be run upwards through the ttxis of an 
Argand gas burner from the underneath crutch, so that 
the top of the paper shall stand in the axis of tlie hoi* 
low cylinder of blue flame, it will remain unaltered; 
but if the paper be pushed np towards where the flame 
begins to whitetij it will instantly take fire. The best 
circumstances for the experiment are, that the flanne, 
included in a gksa chimney, shall be short and cylin- 

• A A 3 





EfiKlMENTS OF CHEMISTRY* 


PART Ill. 


drical throughout, not coalescing al the top; and the 
pap A should be viewed by looking down through the 
axis of the flame. Another proof that the current of 
gasj from the holes in the burner, ^ools the flame, is, 
tliat fi a wire heated red in the flame he passed into 
tlie current ^near the burner, it is instantly obscured by 
cooling. 

If the coolini;; of the" flame were really the cause of 
hlucnes<; and deficiency of light, I tilcMght, that by 
removing the* cause of its cooling, the blue might be* 
changed into white, like the rest of the flame. I therefore 
tied a blailder filled with coal gas to a Jong tobacco pipe, 
the howl bfeing removed. On pressing the bladder, and 
inflaming the gas, it g-'.ve off a iong stream of flame, of 
which more than an inch was blue, and the rest white. 

^'About three inches of the end of the pipe were now 
heated to whitenest., and maintaineil at this degree; 
the bladder being pressed, the flame '^liurnt white 
throughout, except about bne eighth of ar_ inch, which 
was somewJiat bjuish. For this experiment a red^fieat 
will not answer/ A non-explosive mixture of t^mmon 
air and coal gas, passed through an Argand burner, 
afforded a blue flame^^Vithout any white light; for the 
dilution of the inflammable ga^ by an incombustible one 
prevented the aflame from reaching the temiierature 
necessary to its becoming fully luminous* I eSused a 
massive Argand burner, three inches in diameter, with 
thirty capillary holes, to be made: and having passed 
good (v>al gas through it, and kindied the gas, I found 
that the flame was almost totally blue, and showed 
scarcely any light the great quantity of bif ss, and the 
cold current, were adequate to deprive the capillary jets 
of flame of the quantity of heat required for the pro¬ 
duction of white light. If a red-hot iron be introduced 
into the blue part of a gas flame, the latter instantly be¬ 
comes white; but if the iron be cold, ithaa no effect. The 
flame of a taper, held very close to the blue flaqne, renders 
it whitish ; but the flame of burning sulphur applied, haS' 
not this effect, as it is not sufliciently hot for the purpose. 



ClJAP. TII* 


COMBUSTION. 


559 

Although the blue part the flame U coKler than 
the white, a thiead of glass grows apparently <J4' a 
brighter red heat when lield in* tlie former; because 
the whiteness, brilliancy, aiul semi-opacity of the white 
ttamcj conceal the heat to wiiich the glass is raisibd in 
it: hut tjiis is not the case in the blue flaaie; for it, 
being but liftle luininouSj ancj, very transparent* affbrda 
a contrast with the reiltie^s of tfie glass.* 

A candle hijs Scarcely any blue light, because the caP- 
bonise«l wick is the frorst of all conduotors of heat. 
But a long wick cools the flai^^e by radiation, and there 
is a diminution oi^light, although the flame doea not 
become blue. * ^ • 

A comnion jet flanje of gaa is fgirrounded on all sides 
by blue dame ;• for it is everywhere in contactwitli the 
cold atmosphere. 'Fhe eye does not jierceive this uni- < 
versal blue margi.*, being dajizled w'ith the white Uglitj 
unless a piece^of thick card, or some opaque body, cut 
precisely to tUe shape and of the white part of the 
flam^ he interposed betwci.n it and onc^eye—the other 
being k?pt shut. Then the card appearir surrounded by 
a margin of blue flaint!^ 

('arbonic oxitie burns witli a feeble blue flame, which 
shows very little light: the temperature of this*flame 
is also very low. In order to ff’seover if the low tem¬ 
perature was the cause of its deflciency of light, 1 filled 
an iron bottle with a mixture of iron filings and whiting, 
both perfectly weH dried. The mouth of the bottle 
was stopped with an* iron plug; and in the side the 
botUe was drilled a hole. The bottle, being placed 
In a furnacqi was bftated as high as it ifould bear witli- 
out melting. On flrawing it out of the furnace, there 
was a long jet of flame issuing from the hole, which 
was almost white. 

I found that the flames of sulphuretted hydrogen, 
and even common hydrogen, issuing out of a tobacco 
pipe heate<^ to whiteness at the end, were by no means 
so blue and pale as under ortlinary circumstances : they 
showed, also, more light* During such experiments, the 
* A A 4 
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tobacco pipe must not he ;wliite-hot at the beginning 
'tncTvly^ hut must be sustained so tiirougliout. 

From thesej and rpany ottier experiineniSj 1 infer 
tliatj altliough the temperature of :game is not the only 
cause'of its light, but it is eotinected with it, and aiils 
some other*.cause unknown* Were the light in P^ro- 
portion to the temperature, the Haine of hyd.ogcn should 
bd more luminous than that of^coal gas* 

* 7'he light and heat of combustion tave been at¬ 
tempted to \:2 explained by the ^agency of electricity. 
It has been supposed that rlifferent kinds of matter 
exist, naturally^ eitlier in the positive or negative stah* 
of electricity ; that when two !todies tl^us circumstanced 
combine, the two stafes of electricity annihilate each 
other, and produce a iiiodihcd sparky' which is the 
'^ause of the heat, and light I have sci fully expressed 
my opinions on this subject, ari<l have detailed such a 
jiiiinber of opposing experijneiits anil considerations 
etewhere*, that; in this place, 1 content myself by 
stating my l>elief that the electro-chemical hypothesis 
is utterly incompaLildo with all known phenorm 

In conclusion^ then, it is pcrlipps the safest. l>ecause 
„the most comprcheiidve, idea for the studcLt to en_ 
tertairi of coinhuKtion, that it is the emission of light 
and heat from Ijidies in-the act, generally, of eomhining, 
but sonietiincs of se[iaTatiiig; that the heat isf^art of 
the Conii)ined or Rbeiit caloric of the combining bodies: 
that the light may also procectl from them ; although 
it seems chiefly dependent on one them — the com¬ 
bustible, 

* Se( Diitfatiy on the Origin, and pre^dnt Galvdalim 
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CHAP* IV. 

IIN TJlfi ULTOIATE IMIW’ICLEN f»F ^ATTER--THEIR RE¬ 

LATIVE WEHiUTS. — TOE LLATIIlS IN 'WiilClL THE^COM- 
UINE. — NATUKE of atomic NUMliEttS* 


H'iie qaet^tion, whether mattef vs infinitely divisihio, tfr 
consists oi‘ atojiig has h^on agitated for tnoro than 3(K^ 
years: yet it is stilly ditijnitecl: point; anour opu 
nions on tliia suhjectj whatever they may Tjoj are liypo- 
thetical, IFiiless finite •divisstbility he adinittefij the 
most important setks of pjicnoinena in chemistry will 
be left in the sifhatioii of ultimate fJets incapable of 
further ex [da nation. • Yet the phenomena ascend one 
ilegrec in the scale of cause and eHect; and are inferable 
a prhn, if the existence of i(uhvisihle*particley bc^ sup¬ 
posed. Such^f particles niiiyj for sfiortness^ he called 
ntomjf: if matUT he lufinitejy di visible, there can be 
no iiuch thin|? a« an atom ; for the w'ord imports that 
whic!* t^T^not lie divided. • * 

It would be a waste of space to enter into the opinions, 
or argumciifs made us? of by the^ncient poilosophers^, 
Min each sitle of this qneationj some of which, if not' 
convincing, were at lpast<|ilausihle. Of this kind was 
tile curt dogma of Diogt'nes Laertius,-^“ fn a finite hocly, 
tliere cannot bo an infinite number of parls.’^ The 
peripatetics alfirmed, that matter is infinitely divisible ; 
and the notion wapr^ adopted by the Cartesian school. 
The Epicureans, on the contrary, contended that matter 
is composed of atojps, indi visible, harj, and impeno- 
trahle. Luftetius, th(‘ powerful advocate ami able 
expositor of this systenn, in his well known Snd beau¬ 
tiful poem, says, 

Sed qiinj fiUnt Ktiivn pntn[>rd]a nuUn pntest vi* 

num vinc\tnt ea corpunx^ dcrinum. 

These atoms constituted the or first matter, 
of which all things are composed, and concerning which 
so much controversy and incomprehensible notions are to 

* From , indiviiiblu. 
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be fouml araOTigst tlie anciints* la later timeSj it was 
the'^aKhioo to bring forward arithmetical and geome¬ 
trical demonstrations,- to prove tliat matter may be 
divided infinitely ; but these fail their object, inas- 
mucli’as they only prove die infinite divisibility of the 
magnitudeu)f matter, and are by no means applicable 
to matter itself* It is certainly true^ that?*any magni¬ 
tude, however small, itiight he reduced to oi;e half; 
tZiat this half might stiil further be t^iv^xled; and so 
on for ever, vitliout its being rettuced to nothing* In¬ 
deed, wc cannot consider magnitude independently of 
the idea of divisibility without limits; but it sbould 
not l>e admitted as an inferenct?, that matter permits 
infinite division, beesuse the space which it occupies 
may he conceived to he the subject of an infinite divi- 
V fiion* It is possible to conceive the division of a grain 
of sand into a miUion parts, and each of these parts 
into a million other parts, and so on- Abd if at length 
tile parts can no longer he conceived to die diviilcd, it 
can only be so because they are annihilated, wliich, so 
far as human raeans are concerned, is impossihfe- But, 
in point of fact, it may he true fei a grain of saiul can- 
■" not be divided into iilbre than a thousand or ten thousand 
parts* tliat each part then becomes what we call an 
atom, or ultimate particle ot matter, invisible to our 
best rnicroscopes, and of such cohesion as to re^t all the 
energies of natui*e tending to a further division. In 
fine, it seems to me, that much of the controversy which 
so long agitated the philosophers of former times, with 
regard to the infinite divisibility of matter, and which 
at present ought to be a subject of greater, jnterest than 
ever, originated in the want of agreement on the nature 
of the question; one side insisting on the infinite divi¬ 
sibility of including space ; and the other side insisting 
on the possibility of a limit to the divisibility of the 
included matter, which, although it may be conceived 
to be surpassed, is not in the operations of nature. 
Partly in each of these sensea might be understood the 
apparently paradoxical aphorism of Zeno, that although 
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a body is infinitely divisible, does not consist of infi¬ 
nite parts; and if he meant that the magnitiide oT a 
body may be indefinitely dividedj*although tlie number 
of its ultimate divisions ia Hniited, 1 apprehend the 
diemists of the present day would not dissent. * 

The opinions of sir Isaac Newton conefrning the 
atomic conatiflition of matter, were nearly the same with 
those attribuU'd to JVIoscIhas, who liveil i#00() years be¬ 
fore him, except "that the former rejecte^l the atheistic# 
notion of the eternity *of atoms. He says* “ It seems 
to me that Goil in the beginning formed matter in soUd^ 
massyj hard, impctietrabiej moveable particles; and 
that these primitivw particleSj being soluls^ arS incom- 
parably harder than a?*y porous bailies compounded of 
them ; even so ^ery bard as never to wear or break in 
pieces, no ordinary power being able*to lUvide what 
God himself inatlc one in the first crAition,'^ 

In all compound sr ostancesj formed by nature or 
art, the compound ingredients are found to exist always 
in the^ same relative qiiaiiiities* A piece of marble 
always contains the same relative quaiititibs of carbonic 
acid ai^ lime, no mattev from what part of the world 
specimen was derived. Water consists of the^me 
proportions of oxygen an^ hydrogen, whether it falls 
from the atmosphere, or is taken from the^subterraneoua 
spring, or from the ice of the north or south pole. Salt 
ia composed of the same proportions *of chlorine and 
sodium, whether obtained from mines, lakes, or tlic 
ocean* If mercury file exposed to heat in oxygei^ gas, 
the metal will continually absorb the ‘oxygen up to a 
certain pointy and then, be the exces:^ cJ oxygen ever 
so great, not a particle more will the metal *receive; 
for a permanent and saturated compound is now formed, 
the constitution of which wiU be the same, whether the 
experiment was made in Europe or America. From 
such phenomena as these, we derive the important law 
that matter does not chemically -combine with matter 
in all proportions, but only in one invariable TeUtlve 
quantity for each compound; and the law holds equally. 
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whether the number of diifereiit kinds of matter coni- 
biiting be two or more. 

There are cases wh4ch do not seem reducible under 
this laWj and which appear to coUi^titute a class of com¬ 
binations in which the aiibstances concerned unite in 
all properWons, Alcohol or sulphuric acid, to^11 appear- 
aneCj unite chemically w^ith any quantity df water; and 
many instances; of the samcki-id might be adduced- But 
t^lese unlimited combinations may be ao'oiV^y apjmrently j 
we may con'tcLve thoin rcfciriblfe to tlie general law in 
die following manner: - - Sulphuric acid may combine 
with a determinate and invariable quantity of water to 
form a hydrate^; this hydrate being' a new substancCj 
may combine with a detenui^c^ate quantity of water ; 

ami this new compound again with anoiherj and so on; 
and all these coAipounds may unite with each others so 
as to afford every Conceivable ratio of the ingredients, or 
apparently to dispense with all limits to combination- 
Kither view may be sustained ; but it^s remarkablej 
that, when tho'^existence of determinate ratios is indis- 
tinetj it always happens that the affinity is weak and 
indectsivcj and the changes of properties consequent on 
'■ combination are inconsiderable. 

If we admit the existeu^'e of atoms, i. e- particles 
wliich can be*mo further clivided ; and also the posi¬ 
tion, that matter can combine with a difFerenI kind of 
matter only in a certain invariable ratio; some very 
important corollaries may be deduced : one of these 
would be, that when two kinds hf matter combine to 
form a compound, the two kinds combine atom to 
atom* For in order to combine’’cheraia^^hy, tlie two 
bodies rmiat be reduced to their ultimate division ; and 
then an atom of one kind must, to form the compound 
in question, always combine with an atom of the other: 
it cannot combine with half an atom, for, according to 
the hypothesis, no such thing exists ; and it cannot 
comhine wifli two atoms, because it is s&jturated with 
one*, that is, its attraction is satisiied by one atom, and 

* CiAtM which du noi fall under ibli condition will aftcrwfirdl be con- 
ildered. 
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is no further exerted* Hence the resifltjrig compound 
conidsts of an atom of each *kmd of matter ; and 4 h 
to be consitlercd as still one atom^ altliotigh comi sting 
of two; for, were tlie -two atom# separated^ the com¬ 
pound would cease %9 exist as such ; and the coinppund 
atom cannot he divided so that ifei halves shall still be 
compound* fyr the individual atoms^ according to the 
hypothesisj cannot he divided,* .There iSj thereforejifl 
great difference ^between' a simple anrf a compoui^it 
atom ; the fortner cannot be divided ; the lattef can, but 
then it is ctecomposed and resolved into two simple 
atoms* ■ 

In this way, tbtf immutability and constanejf of the 
relative quantity ot the ingredients con?posing any btuly 
bt?come intelligible, #f, in a graiti weight of any kind 
of mattCTj tjjpre be, as the liypothesis sujiposes, a cer¬ 
tain number of atoms, say a thousand, each being iiidi- 
visible ; and if, in a grain weight of some other kind of 
matter, there be an crjual nunjjer of atoms ; and if the 
two grains of matter enter into combination ; it ia quite 
obvioL^^J^ljat the resulting compound w*in not only be 
homogeneous, i, e. of the same nature throughout, but 
that in all other cases oV its formation, tlie same com- < 
«pound exactly wid be produced. It will be homoge¬ 
neous, because each atom •£ one kind must have com¬ 
bined with one atom of the other; less ^han an atom 
cannot have combinetl, localise atomj^ are itidivisible ; 
more than an atom cannot have combined, because the 
affinity is satisficil bj one, and there is no attraction to 
another. Hence, each compound atom will constat of 
of a grain one kind of matter, and the same 
quantity of^he other; and there 'wil he but 1000 
atoms of the compound* But if there had been a grain 
(= 1000 atoms) of one kind, and two grains (= ^000 
atoms) of the other, the very same mode of combin¬ 
ation would result; with this difterence, that the excess 
of the latter (viz, one grain, or 1000 atoms,) would 
remain uncombinedj and merely mixed with the com¬ 
pound produced* 
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But if it be 'denied th^t matter consists of atoms, 
and if it be assei-tctl that it is infinitely divisible, it 
becomes difficult to comprehend why any constancy 
should be observable®!n compounds. For instance, in 
the Case just supposed, in which atom is equivalent 
pf a grain, if the equivalent of an atom of 
one kind of matter may combine with than the 
equivalent of an atom of the other, there is nothing to 
^vrevent its combining with half, a Ijiundredtli, a mil¬ 
lion tli partjOf an equivalentan infinite number of 
combinations w'ould be producible: and it is hard to 
conceive how compounds, constant as we find them in 
their copiposition, could be produted, or how such a 
state as saturaAon could occur, unltss as a matter of 
chance. If a gtaiA of A inify combine with any 
quantity of B, there must be as many possible com^ 
pounds of A and J1 as there are possible quantities of 
A and B, or they must he infinite; and we know that 
this is not the fact. But the case is verj much altered, 
if we suppose that there is but one elementary quantity 
of A ami B, vJk, the atom of each, and other 

quantities arc multiplicfttioiiB of it; for then tliere can 
exist but one possible combination, consisting of an 
atom of each; the affinity being in tiiat case satisfied^ 
and no further attraction exf^'^tad. 

Hitherto, for the sake of simplicity, it has^becn 
taken for granted that different kinds of matter com¬ 
bine only in the quantity of a single atom of one to a 
single atom of another, admitting^Ihat matter is finitely 
divisible. The ease is in reality very different; we 
know that tw<^ three, or more atqpns of one kind may 
combine with out atom of another, and^that in eaeli 
case compounds of distinct natures result* Cases of 
this kmil receive as ready an explanation, as those in 
which a single atom combineB with a single atom. We 
may understand combinationB of this kind in two ways. 
Suppose an atom of A to combine with an atom of B, 
and a compound to be formed possessed of certain 
properties. The affinity of A for B may remain so 
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far unsatisfied, that an attraction to Another atom of 

■^1 ^ " 

B may exist; a second atom will accordingly he taken 
into the combination when opportunity permits^ and a 
compound will he fonmed with* properties essentially 
different from thoa^ of tlie former. Tlie sain^ may 
happen witli a third atom of anfi a thir(^ compound 
may be pfothiced. Or an atom of A lieing combined 
with one of B, that combi nati&i\ may, in it if rapaHti/mf 
fi ro7ytpf)i(u4^ exeft an affinity for an atom of B, anti 
combine with it so as jo form a compound^consiating of 
one atom of A and two of B. This last combination 
may in the same manner Hake tip a new atom of B, and 
so on* • , 

Be the mode df cx^mhination what it may, it is cer¬ 
tain tliat a substanctf A, may dbmbine with such a 
quantity of another substance, B, as will form a definite 
compound; yet other definite compound, quite differ¬ 
ent from the, former may be produced, if a second 
quantity of B can be made tq combine wiUi the com- 
jiound alreatiy'formed ; and in like manner a numlrer 
of quantities of B may jJ^oduce distinct 

compounds, tlie numbt'r of which, however, rarely ex¬ 
ceeds tlirec- In all such instanc< 4 s (with a very few * 
^exceptions), it is found that the successive quantities of 
Bj which are added, are ctpial to each other* That this 
ought to happen, clearly appears from ^hat has been 
already explained of the atomic confit^ution of matter* 
For the illustration of tliis subject, let ub first consider 
the combination ofYinc with oxygen. There is but 
one such known ; to form it, HH.) grains of zinc* com¬ 
bine with 23'53 oj; oxygen ; the affinity of tlie two 
elements is •then satisfied, and no ^urtlier attraction 
seems to exist But if anotlier quantity ot oxygen 
could be absorbed by the zinc, to form a second oxide, 
it would he at least 47'Ofi grains, or as much more 
as the first quantity* In the instance of mercury and 
oxygen, experiment proves that, in ronnd numhera, 100 
grains of tlje former combine with four of the latter 
to form‘the protoxide* Now, why did 100 grains of 
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mercury combine with fo^r of oxvgcn ? The answer 
suiiplied by the supposition of the atomic constitution 
of matter is, that there are as maiiy”a£oiiis of mercury, 
in 1(J0 grains'' weiglit^of as tliere are atoms in four 
grainrf of oxygen, notwithstantling'the difference in their 
appearance ant) constitution ; hence the two substances 
combine atom to atoiUj and affortl a compoimd constant 
iff*its characters and cmiiposition, it, however, by no 
follow's, that each atoin'of meren^’y has no further 
affinity for oxygen. On the contrary, experiment 
proves that it has, and that it will unite with an 
tional quantity* But what is^the amouBt of tile addi¬ 
tional fiiiantity ? If, to form the pfotoxide, each atom 
of mercury attracted one atom of oxygen, it is obvious 
that, if a further attraction talces place, each atom of 
mercury must attract an additional attim, at least, of 
oxygen ; for tliere cannot exist less tJian an atom ; that 
is, two atoms of oxygen will be now combined with one 
of ineTcury. The 100 grains of mercury, originally 
combined with 4 grains of oxygen, iviU now be united 
with 8, But 8 is the double of 4; the TV'''“^‘9xide, 

' therefore, contains twice as much oxygen as the prot- 
' oxide: and were tlTerc a third oxitle, it would contain 
at leartit three times the quantity of oxygen^ existing in 
tht first, and so on. Mtliybdenum combines with 
oxygen in Uwee doses forming three distinct CKides: 
the first oxide Ci'nsists of 1 atom of metal and 1 \>f 
oxygen ; the second of 1 + 2 ; and the third of 1 + S* 
Potasli combines with two doses ^ tartaric acid; one 
■ being*twice as much as the other. A vast number of 

instances mighA be adduced. 

<1 * 1 ' 


^ Iticre ]i9 not, perhapt, a word in the that conrenLtinUy ex- 

pre&fl(?« the qaantity of a body whu:h enters mUi combination, Afam li 

not unly hypothL'tiral, but oJliei] mapplit^nblf^ aA when halt atonu occur. 

Eqatva^t in only i'xpTC«Aivu when conipariflon with a correlative equiva¬ 
lent ii directly implted. Proportion meana similitude of ratloa. Propitr- 
f i0Ad/ i£ Oititi of the CDriiifl of a proportiuiK tpmnUty or it 

toinetlffics expresy^ive ■, but beside IkIhr unwieldy, it li not alwayi appU^ 
oable. {Irani &i?pT4i, of I give,) la univereitlly employed to deug- 

nate a or ^uan£*f^ of a tliliiET given. I'bua, in the lefiic 

above meant, a doae of oiiyHen wouldTmean'a determinate quantity Of oty- 
given to lomo other body. It baa the quality of involriitf nothing 
Beyond a 5 ict, and can olteit be uicd with advantage. 
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In all cases, it is a matter of inditTefence which of the 
com Inn ill" substances we assume aw the con atari t quantity; 
thus, lOQ grains of A unite with /50 of B, or twice as 
mucli (100),or thricemuch (f^O)* Ov the same thing 
may he expressed bj saying, that 100 grains of 5^ unite 
with 200 grains of A, or half as much (^OO), or one 
third as tn^ch : the multiple ratio does not 

atlect one kind of matter otherwise than another, • ^ 

In the case ^f mereur^ and oxygen just now adduQ§d, 
it was saiil t^at 1(10 |^ains of the forme^ will combine* 
with 4- or 8 of die latter. It may be asked, what, then, 
will he the coT|Bequence,' if 1T)0 grains of mercury anti 
an intcTmediate quantity of oxygen — fi grains, for iiu 
stance—are ])resdhted to each other tinder proper cir¬ 
cumstances for coniL^ation ? wifl no union take place, 
because the ratio of oxygen to the metal is neither 4 ^ 
nor 8 ? or will 4 of oxygen combiije, and the remain¬ 
ing 2 be rejected? rmler such circumstances the case 
would be as follows:—100 ^grains of mercury will unite 
with four of oxygen ; the protoxiile will thus be fanned. 
Thernow 2 grains of oxygen- to ^ disposed of; 
they will unite witii as rnu<'h of the protoxide as con¬ 
tains 50 grains of mercury. Tl*esc 50 grains were* 
^previously combined with 2 grains of oxygent they 
are now combined with two mo^, four in all ^ liefice 
die 50 grains arc converted into peroxide. Thus we 
should have a mixture of 52 grains^f protoxide and 
54 of peroxide. 

Even gases entef^ into combination with each other 
with the same peculiarity. Thus, when azote and dkygen 
unite to form the p^;ptoxide of azote, thiy always do so 
in the ratii#of fiO’OTl grains of azote to .T^yi5 of 
oxygen. To form the deutoxide, die same quantity of 
azote will require 67*88 grains of oxygen, or twice the 
original quantity; for hyponitrous acid, the azote will 
require dirice as much oxygen, or 101*746 grains: for 
nitrous acid, the azote takes four times as much oxygen, 
or 135 ■66 grainfi; and, for nitric acid, the oxygen must 
be five times greater, or l69'576 grains* Thus, the doses 

B B 
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of oxygen that coiiibine Mitli any quantity of azote, to 
fonn ^lio foregoing subnUiuccb, will be to caeli other as 
the numbers 1, ti, 3, 4, 5 ; and never ] 

&c, ; nor any other assignable fractions, however near 
they inq,y be conceived to approach iiie whole iiuinbers 
bearing tlie above relation. 

The rcficarehcs of chemists have proved that this mode 
of e^nnbination, takes place in almost all the 

casfjg of ilecided chemical union which have laceii made 
^he subject of accurate observation ; ami so much so, 
that the phenomena have been generalised into a law. 
'fho law is thus expressefl by Terzellus ; — “ ^Then a 
body, A, foinbinus with a body, li, ivi several propor¬ 
tions, the numherLi expresfiing these prtiportlnne arc in¬ 
teger multiples of the fiTjiiallest quandty of B tliat A can 
Hbt:orb/' The import of tliis law cannot be mistaken, 
in the case of oxygci^ and azote, tlie smallest quantity 
of the former tliat combines with 100 grains of the 
latter, is 5lr4.'iS grains, jys tlmy form a second com- 
pound, the quantity Of oxygen whicfi ednstitutes the 
second dose, is ata integer multiple of the first^ftlijtt is, 
the first mulliplicil by a whole number), or twice 5K'458 
In the third, the oxygen is thrice as much, 
or l6|k\374: in the fourth, the oxygen is four-fold, or i 
22/j‘832: and, in the fifth, is five-fold, or S82'Si9* 
Thus, the smalfest dose of oxygen is multiplied the 
whole numliers, 2^ 3, 4, /5, to give the successive com¬ 
pounds : or tlie law may be otherwise expressed^ by 
saying, that the smallest flose of a cjnnhinitig body is an 
aliquot part, or subimiltipJe, of all the others. Another 
expression of which requires explanation, is to be 
found in books to the following effect: ^ ^ Wlien two 
bodies corhhine in several propordona, the first proportion 
is either a multiple or submultiple * of all die resL" 
''fhe mode of expression renders this difficult to under¬ 
stand I perhaps the following will he more readily com¬ 
prehended : — When two bodies combine in more than 
one ratio, the quantities constituting the ratio are 

* A divisor without a rcmtinder. 
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in tile relation of tnukiple*and submultiple to tlie quan¬ 
tities which constitute all the other ratios/' The instance 
of azote and oxygen will illus^ate this ; tlieir combin¬ 
ations may he repr^seiitetl in two ivays; either gas heing 
made the constant quantity^ and both being expross^cd 
in weig^it: —► 
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In the first ^rrangeincTit, the firsjt tlose^>f oxygen, 
5(>*45S^ is a snhmukiple of’ all jhe rest: in the second 
arrangementj -the first dose of azote, 100, is a multiple 
of all the rest: so that the terms, inidtiple and siihmul-* 
tiplc, refer to tlio two ilifFevent \>oities, and resolve tlie 
law into the tncaidng as the other expressions of it. 
But Blthoiigh, in the cdmbiuatiolis of azote witli 
oxygen^ the doses f>f tlie latter are n^reseiitcd by the 
2, 3, 4, 5, it dues not follifw that a regular 
arithmetical progrcssiiiii is always to be expected, either 
when weights or volumes are con!crned* ^11 that th^ 
law of multiple ratio, aa it is commonly called, ded^fes, 
that the do&c^s shdl alf be multiples •f tlie smallest: 
and no common difference between the terms of the pro¬ 
gression may be iliscovcrable. Thus, In the combination 
of chlorine with oxygen, the doses of the latter, by 
weight or volume, which combine with a given weight 
or volume of the formerj are as 1, 4, 5, 7- J’erhape 
compounds ^ntainhig oxygen to tlie^anfount of 2, 3, C, 
may be hereafter discovered; or, perhaps, may be 
the nature of the affinity, that these compounds do not 
exist. 

There is a circumstance attending these, and all other 
gaseous combinations, which it is of great importance to 
notice. It has been said above, that be the quantities of 
a2ote ami oxygen, which enter into combination, what 
they may, the ratio of these quantities will always, when 

« s D 5 ^ 
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protoxide is formeil, Ik? fiO'071 of a'^ote to 
oxygeif j and this ratio may he no exj^ressedj or in its 
lowest termflj viz* 1‘771 of azote to 1 of oxyf;en; or in 
any other numbers^ provided that'fe relation he pre- 
servedi 'The reason for selectinf^ f>0'071 grains^ and 
33 * 91/5 grainy isj that the former is the weight of 200 
cubic inches of anote^ and the latter is the weight of 100 
Ciibii* inches of o?c,ygeu* Two to otiCj then, is the ratio 
in ’vf^iidi these gases eomhinej hy voluincj ^0 fonn the 
protoxide of a»>te!. Now, as the 1 weight of oxygen is 
doubled to form the deuto^fidc, tripled to form hypo- 
nitrons acid, rjuadruplefl to form nitrons acid, and quJn^ 
tuplcd to foiin nitric acid, the same multiplication must 
happen when cubic inches, or volumes of any kind, arc 
conccriicfi: and we shall, consequently, observe tlie eamc 
iatio subsisting between the volumes, as he tween the 
grains' weight. ’'J'ht. following table will show the re¬ 
lation in botli ways : — 

Ku]a Xrf 

Cdllc (iralni'^ wifight ftjtjfRKTi l>)f 

OF 

Osji^^n. AvntF. TDlumEH 

l*rotosi(le of azotL 200V 100 or 60 071 + 33^91 

"DegtoxiJe - - ^iCX) + t^t>0 or 60 071 + 67^tl306 *2 

^Ijponitrous aciti 200^300 or 60'071 + 101 "7^59 3 

Kltmui acid- - 200 +-100 or GO 071 + KL7 6612 4 

Nitnc acid - 200-§'5(X> or j60'071 + lfi9'57G5 5 

And it is obvious, that, either hy weight or vohime, 
tlie relation of the.quantity of oxygen in all the com- 
poimds is as 1, 2, 3, 4, 5, the quantity of azote being 
always the same. The same relatidh is manifest in all 
gaseous compounds, the composition of which is well 
ascertained; and the facta have heeij generalised into a 
law, called^ the Into'b/ voluines^ which has bAn thus ex* 
pressed by Clay^Lussac, its discoverer: — All gases 
which act on each other, always combine in the most 
simple ratios; die ratio being as 1 to I, 1 to 2, or I to 
3/' * Thus, 1 volume of oxygen requires exactly 1 
volume of hydrogen, to form deutoxide; and 2 volumes 
of hydrogen, to form water ; 1 volume of hydrogen re- 

• Wflmmreni^ATcue3l,iLS18. 
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quires S of azot^j to foyn ammouiacal gas: 1 volume 
of hydrogen requires 1 of chlorine^ to form ihuriatic 
acid gas: 1 volume of inurif^ic acid gas requires 1 of 
ammonlacal gas^^to" form mu.riat 4 J of ammonia: 2 vo¬ 
lumes of oxygen combine with either 1 volume or 4 
volumes of chlorine * I'he eompoundsi of azote and 
oxygen ifiall under Gay-Lussac's general law, in the 
following manner:—*! voliftne of (^ygen^ and 8 v(^ 
iumes of aa^.ote, form protoxide of azote j 1 yMunje 
of azotej anil^ 1 wlume of oxygen, ferm deutoxide; 

1 volume of oxygen^ and^ 4 volumes of deutoxide of 
azote, form hy^oiiitrous aci(l; 1 volume of azote, and 2 
of oxygen, foryi nitrous acid; aiid J volume of protox- 
itle of azote, were k to combing directly Witii oxygen to 
produce nitric aciil, would require 2 volumes. Dr*Thom¬ 
son, in referring to this law, as •developed in Gaj»- 
Lnssac's memoir,says, “In this pBrper,Gay-Lussafc shows 
that the g^ses, considered in respect of their volumes, 
unite with^ach other in a*very simple manner —1 vo¬ 
lume of one gas combining with 1 ^^oluine, with 2 vo- 
lulttt<,^r with hrilf a volnuie, of \he o*her."* I conceive 
that Dr* 'rliomson*f;*cnu’nciation of the law is more con¬ 
veniently applicable to the factSi than Gay-Lussac's,*as 
in the case of the comhinationa of azote antT oxygen*. 
This most important ?aw, which corrects analysis and 
synthesis, has been extended also to vapours; and even 
to the supposed vapours of bodies', which no degree of 
heat has been hitherto able to convert into the vaptrift(j 
form ; although it is certain that, combined iqjitb other 
matter, they are capable of existing in the state of ul¬ 
timate el^iBion* • Thus, 2 volumes •of carbon vapour 
combine with 1, or 2, or 4 volumes of hydnogen, to form 
diSerent varieties of carburetted hydrogen ; and the same 
quantity of carbon vapour combines with 1 volume of 
oxygen, to form carbonic oxide ; and with 2 volumeSj to 
form carbonic acid. 

It may be here necessary to explain more distinctly, 
what is to bo understood by the terra carbon vapour y 

* lant Principles^ L IS* 

• B B 3 
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car[>on being a substance whicli has never yet been ob^ 
taiiieiUinsulaicd in the vaporifie form, Jf pure carbon 
b6 burnt in 100 cubic inches of oxygen gas, until the 
latter be saturated, the oxygen wlll^l>e converted into 
carbonic'add, and the resulting volume will still be 100 
cubic inches. » ^J’lie original weight of tlte oxygen was 
grains; the weight of the resnltiiiffi carbonic 
ftcid Is ; ,^he weight acq^iured hy the oxygen in 

f^riMmg carbonic add is, therefore, 12'68ii grains, which 
must consist Qf*jmre carbon. NowVj it is obvious that 
this carbon had been divided into its ultimate atoms: it 
became invisible; anrl was, therefore, converted into a gas, 
which filled ihe space of 100 cubic inches in every part^ 
The circumstance, that each atom of carlion is in combin¬ 
ation with an atom of oxygen, floes n^t in tlje least aflect 
tJiCsie statements: ^lu^SJ carimii may lie said, with suf¬ 
ficient truth for all theoretical purposes, to have been 
converted into vapour, of which 100 cubical b-ches weigh 
1grains; and of which the specific^ gravity is, 
therefore, 0*41 If) and as there is neither condensation 
nor expansion in the foirination of carbonic acid bjprV^'m- 
iftg carbon in oxygen, the condition of the carbon in 
ciubonic add is to be understood as meant, in chemical 
books, Wiien carbon vapour is spoken of, But if carbon 
vapoiir were capable of existing in the insulated state, 

1 volume of it would combine wdth 1 volume of ox^en, 
to form carbonic add, and the ^ volumes would con- 
<lcn^ into 1. 

In all the instances which have tfeen adduced, the 
bodies concerned are subject to the law of multiple ratio®, 
whether taken hy weight or by volunte* There is no¬ 
thing mysterious in'' this coincidence of weights and 
volumes in the second, third, fourth, or fifth doses of any 
gas, j\, which unites to another, B; they being only mul¬ 
tiples by weight, and therefore by volume, of the first 
dose of A, as also of the volume of B. Thus, in the 
licfore mentioned compounds of as^ote and oxygen, we 
find, that to form protoxide of azote, 60^071 '^aina of 
azote combine with J3'915 graipa of oxygen. It so 
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happens that theio quantities saturate each other so far 
as the first stage of combination is coiicenied. *ThcTe 
is nothing surprising in the ^ct, that f) 0‘()71 grains 
should he the wt^ght of exactly i!00 cubic inches of 
azote; for that niunher of grains lias been here Jfesumetl, 
merely^liecause it is the weight of 2t)0*cuhic inches; 
any othertiuinher of inches or grains would do as wellj 
except for the arithrn^'tical Jonvenieiee. But it is iF 
very rcmar^tahle faet^ that 33'<)]5 grains oi" oxysefl -• 
namely, the quantity require{l to saturate the i5i(K) cubic 
inches of azote — shoylil l^‘ tlic weight of lUO cubic 
inches of oxygep, or exactly haff the volume of the 
azote j for here^could be no assuinprjon of*any certain 
number of grains to^answer a pxijpoBe the weight, anrl 
therefore the^volumCj being detenuinefi by tlic affinity* 
This h as been generally consixlereti an ultimate fact ^ 
— a truth of winch no explanatioti can be given* But 
it 18 so obvibusly ana iminediatcly connected Tvith the 
atomic constitution of matfbr, which has bexm of late 
years so fully developed, that the sol^jition of it cannot 
intK^lJTiger remain nnattained. Indeed, some ingenious 
speculations as to the cause of it have long since been 
advanced, but they appear to bc^ inapplicable* I ha^' 
often thought that an e3y>lanation of this obscure jart 
of the atomic hypothesis may lie clerivid from another 
part, which Itas been generally arlmitted* To explain my 
views, several considerations must fll-st be adverted to* 
Two opinions Jjave divided philosophers relativt? to 
the nature of calotic: according to some, it is jnatter; 
according to others, it is motion of matter* Those who 
deny its materiality, rely much on tlje Act, that it seems 
ilestltute of gravity — the common attribute of aU l;nown 
matter. The argument docs not strike me with much 
force. It is certain, that the nicest balance docs not 
iliscover any real difference between a cold body, and 
the same body heated* Weighing proves, perhaps 
nothing in this case* Hydrogen ia certainly matter, 
and in large quantity is easily shown to possess weight: 
but in practice it is found a difficulty to weigh so large 
• B B 4 ' 
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a volume as even a cubic inch of H: the balance be¬ 
comes overloa<le<lj anti its sensibility overpowered by the 
weight of the containing apparatus^ and its counter¬ 
poise. The same happens when heated bodies are 
weighetl ; there must be containing matter fox the 
caloric; and the quantity of this matter must be con- 
siderablej to contain a sufficient quantity of ::he caloric, 
c When we consider that the statical experiments alluded 
^tOj'^vere not made in a vacuumj but ik ^he air, it ig 
plain, that ewn if the caloric ^eJly possessed a little 
weightj it might not be discoverable* Most people 
conceive electricity to be matter; it can be made to per¬ 
forate a quikric of paper; it will strihe- into the earth, 
and nialce a deep hole; it will split trees, ami throw 
down the most massive buildings. It -ia difficult to 
f understand how these effects can he brought about, un¬ 
less by a material aj^mt; yet who doubts that electricity 
is destitute of weight? On the subject matter — 
what it is, and what it 'is not, there If, little use in 
speculation* We know that some eminent geniuses 
have even comedo the conclusion that matter isFii(#Sfting, 
-— that it does not exist. Such a conclusion, if relie^l 
in, would render the' explanation of all physical phe¬ 
nomena exceedingly embarrassing. Taking the word, 
then, in its usupl acceptation/'I shall, in the fol^wing 
observations, assume caloric to he matter. 

If caloric be matter, it is probable that it resembles 
all other bodies, in possessing and being subject to that 
speciesj^ of attraction called affinity.'^ This opinion was 
maintained by Black, Pictet, Irvine, De Luc, Crawford, 
Lavoisier, La Place, and Thomson. tLavoisler says, that 
caloric ts ^xed in bodies by affinity, so as to form part 
of the substance, or even of the solidity, of the body* 
Dr. Black speaks in very remarkable terms: — he says, 

A particle of water attraetJ^ and nnit^if with one or 
fnore atoms of hmt ] these atoms of heat are set at liberty 
by the fixed tav>o- of chemical affinity/* — (Z^cc^i^re^, 

i* 165.) 

This affinity has even been ipade the aulyect of cal- 



CHA1>, IV. ATOMIC THEORY* * 377 

culation by ^vogadrj) * ; andjie has constructed a table^ in 
which the relative affinity of various suhstances for caloric 
is expressed nuinertcallyj-—tlie affinity of common air for 
heat being taken as uiftty. These numbers he deduced 
from the specific heat of gases^ as given by Cerard 
and Delaroche. « 

discover caloric entering into a state tliat seems 
to possess the characteristies ol^ chemical combinatieffi; « 
for a decidetl change of properties is manifested, (ia^ ^ 
loric, when presented# to ice^ is absorbed > the ice loses 
most of its properties as sudi^antl llecoines water, while 
tlie caloric loses its thief*remarkable property of raising 
tlie temperature. The same observations apply to all 
other eases in wTiicli iieat l)ecomes latent; and other 
illustrations of* the ]iffsitioii derived from specific heats 
might he adduced, did space permit. , ^ 

If there exist a reciprocal attraction between caloric 
ajul all otlicv kinds ol matter, why may not such an 
attraction be,subject to the*general laws of affinity? 
Why may Tve not suppo±;e that the (jjtertion of such 
affinit^^ CdHiscs bodies to comhitie ^ith saloric, atom to 
atom, and thus produces combinatiuiw hearing a deter¬ 
minate ratio to each other ? We lire not in the habit 
• of considering determinate ratios of heat, or atflins of 
it; yet such may exist:•and it experijnee prove tliat 
such an admission harmonises witli, and leads to, the 
explanation of phenomena, which otherwise must stand 
in the situation of ultimate facts, then we are bound to 
atlmit the notion aslp*^olJ*ble. It is no more than an 
hypothesis; hut hypotheses are often tlie beacons of 
discovery: the atomic constitution of •matter was an 
hypothesis ft the hands of Higgins f yet wl\^t depart¬ 
ment of the science has not since experienced its bene¬ 
ficial indtience ? 

There are some combinations of carbon with hydro¬ 
gen which may he here referred to, as illustrative of 
this part of the subject: they are gases; and liave been 
described af page 170. of this volume. The first oon- 

* GiDTiiflle di Fi^ca, dec^ ih tomaviH* 
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sifits of 2 volumes of carbon vapoyr, and ^ volumes of 
hydrogen^ both condensed into 1 volume ; tlie second 
consists of 3 volumes of each^ condensed into 1 ; and the 
tliird of 4 voluinos ol oacl^, coiidenseid into 1. IleTO, 
then,are throe different gases c(jntaming the sanio iiigre- 
dieiitSj ill t^e same ratio, but in different quantilios: we 
have 4, G, amt 8 volumes respectively, coufV'Tisod into 
hLt so far differing in their state fVoin what wouhl be the 
j\;^ul t of me ch ani ca 1 con tie iisa ti o n, tfiat th e y spo n tai le* ni s I y 
retain die etjuality of their respective volumes^ It is pro¬ 
bable diat in each of these gases, tlie corn pound particles 
consisting of carbon and hytlrogen are atj anti are tnain- 
taiticd at^ different and determinate distances from each 
other. Now the particles are at distances from each 
other^ because they arc kept so'by iiitpr posed caloric; 
and they are flistances from each other, 

most probably becftase the quantities of caloric are de¬ 
terminate with whieJi the compouml particles of carbon 
and hydrogen are combined. If, from that gas which 
consists of 4 volumes condensed into 1, we could remove 
one dose of catoric, we shouUL probably redutfi? the 
state of tile gas which contains (i volumes in i ; and 
, were two doses removed, the resulting gas would, per- 
hape; bo reduced to the atate of the compound which 
contains 8 vo^jimes in 1. In the saine manner, were 
it possible to remove a detenuinale quantity ot caloric 
from any gas, without further alteration in constitution, 
^e result would, no doubt, be a permanent contraction 
to a volume which would bear soif e simple ratio to the 
original bulk. 

We have ntw to apply this hypothesis to the phe- 
nomenop, proposed to be explained. The^ phenomenon 
itself may be briefly reca]dtulated as follows : — When 
bodies not gaseous, C and V, combine in deflnite ratios 
by weight, although tlie second, third, fourth, &c, doses 
of D are all multiples of the first dose of D, the first 
dose of D is not a multiiiie or submultipk of the quan¬ 
tity of C which enters into the combinatiorf. But when 
two gasea, A and B, combincj even the first dose of li 
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bears a simple ratio Jo A, bein^ cither equals oi dcoblej 
or triple, provideil lhai vohLities are consitlered j 
but if tliu f^uautities arc estimated by wd|^litj this pe¬ 
culiarity of the first ilf)se ilisappJars, and the law of 
multiple ratio is only observable in succeeding doSts. 

To account for a coincidence of volume* so unex* 
pectc^l, it Vnp supposed, iirst liy Avogadro, and after¬ 
wards by Ampere, that in all gasc*, fiimpl(jor coinpounif, 
the temperaUne .^nd pressure being alike, the idtirnal* 
partifles or atoms arciit equal distances; gnif that the 
numl)er is tlie same in equal volumes of all gases, or, 
in other worrls, is in proportion to the volume.* Ac¬ 
cording to this view, the specific gravity of the gases 
would ilepeiid on tJie specific gravity of the atoma: 
other views iniglii also*bc taken. j\clmitting this to be 
the constitution of gases, the explanation of the sin* 
gular ratio observed as regulating the first dose of B 
to A becomes easily intfiligihlc. Jf 100 cubic inches 
of oxygen combine with 100 iuhic inches of azote, to 
form one compimnd; and witli 200 of azotCj to form 
another^itis plain that, as, according to tie hypothesis^ 
the nuAher of ultimate ^particles or atoms is equal in 
equal volumes of all gases, each partk^le of oxygen must 
Ifavc combined with a particle of a^ote in the first in¬ 
stance, and witJi two of azefte in the secon^. In shori^ 
granting the hypothesis, the phenoniena naturally and 
consistently flow from it; and the apf>arently myste¬ 
rious relation of the volume of the first dose of B to the, 
volume of A, is in no V^ay surprising; as the nuinher of 
atoms is the same in each, and they unite atom to atom. 
It appears to me, hoviever, that the hypothesis is un¬ 
tenable on maAy accounts. We can no longer jsuppoac 
that the number of atoms is tlie same in all gases, for 
we have instances of the contrary — at least, according 
to the evidence afforded by the analyses which have 
been made. The three varieties of carbiiretted hydrogen 
which contains respectively ■— 

* Guunale dt Fiilca, dec. LL tomo vUi, 1. AntiaJcs de Chjmle, tome »b. 43L 
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Gfistous carbon. 


Hydrogcw 


' Variety IsC^ 3 voU. coiiibined with 2 vols. “1 condensed 
f — 2(1, IJ vqls* - - 3 voU, i- into 1 

* -» 3d, 4 vols. - 4 vols* J volume, 

t ^ 

as explained in page 1show that the nuiinher of atoms 
in these three gases cannot he the satrie. , From this 
^xception wc may be led to suspect tlmt tW^re are others^ 
and to conclude that tlie hypothesis is incompatible with 
*ihe present state of knowledge, '' ’ 

The opifjion rejbtive to the dinstitution o. gases with 
regard to determinate rati os, of caloric, which has been 
above suggested, seems to harmonise tolerably well witli 
the |di6noinei)a. Tf caloric be matter, it may be the 
subject of chemicali attraction if it be chemically at-, 
tracted, it may combine in determiijate ratios; if it 
combine in determinate ratios, the gaseous compounds 
formed must exiCt in determinate volumes* According 
to this view, the abstraction of a dose of caloric from a 
gas, in which it had been chemically combined, would 
cause it perint^nently to contract to a half, or a third, or 
tany aliquot part of its original bulk; and^h^I^addition 
of a dose of caloric wouhl, 't/hen combined, cause it 
perinatieiitly to difate to double, triple, or any multiuse 
pf its first volume* In short, if caloric combing che¬ 
mically with the atoms of different kinds of matter 
in determinate ratios, so as to form different gases, it 
would follow fliat, adopting as unity that gas which 
* contains the fewest atoms, th^ number of atoms in 
alliOther gases would be multij^ks of tlie first by an 
integer* 

Weregas^s t^us constituted, tfky ahoqld always unite 
in the latio, not only of weight, but of Yolume, that is 
observable in such cases; and such a constitution 
would assign a sufficient reason for the relation of vo¬ 
lume which subsists between two gases when they enter 
into the first stage of combination; — a relation which 


the hypothesis, that all gases of the aam^ volume, tem¬ 
perature, and pressure, contain the same number of par- 
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tides, seemeJ^toaccoigit for^ but which appears no longer 
tenable^ * ■ 

Thatj under the same pressure and temperature, equal 
volumes of all gases emttain an e^ual number of pan. 
tides, is opposed to the opinions of those who under^nd 
the atomic hyiiotliesis, as it tlows from the general rule 
laid down ^y^Mr* Dalton as a guide in investigatiouB 
concerning diemical synthesis,' rjz» that^ when tw# 
combinations tgre observed, they must Ik; presumed to b* 
a binary and a ter naryl’'liere are two nations 

of oxygen and hydrogen; water mist, therefore, be 
binary ; that is, in two vofumes of hydrogeii tlwre must 
be as many atoms as there are in one volume oftoxygen, 
which is irrecondisable to the bypothests of Avogadro 
and Ampere, although Consistent with the views of Ber¬ 
zelius and Davy* ^ 

The hypothesis of eqitLii volumes o^all gases contain¬ 
ing an equal number of atoms, fails also in another way; 
it assigns no reason for the remarkable contraction in a 
simple ratio to the original volume, whic^ several gase¬ 
ous coi^^iowids undergo at the moitlent qf their form¬ 
ation* *It is necessary ^brst tci state the law, and to 
give a number of instances of this contraction; tlie ob- ’ 
Jfection may be tlien applied* (Tay-Lussac, the disco¬ 
verer of the fact, says, PfoL only do gasjjs combine ifi 
very simple proportions, but the apparent contraction of 
volume which they suffer by combination bears, also, a 
simple relation with the volume of the gasea, or, rather,, 
with that of one of tlfcm/' 

When 1 volume of oxygen, and 1 of azote, com¬ 
bine to form deutoajde of azote, die rasult is 2 vo¬ 
lumes, as coiUputation would indicate*; hence* there is 
no condensation* But when 1 volume of oxygen, and 
2 of azote, unite to form protoxide of azote, the re¬ 
sulting bulk is not 3 volumes, but 2 ; hence there 
is one third of the whole bulk lost by approximation of 
the constituent atoms. When 1 volume of azote and 
S of hydro^n unite, the ammoniacal gas formed doea 
not amount to 4 volumes, but 2; half is therefore 
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lost by condensation: 2 volumes uf oxygoUj anti 4 of 
thlt^rine, do not afford ti of protoxirle of chlorinej 
but 5* 

'We have^ in shortj reductions from 2 volumes to 
3 to Ij 4 to 1, 8 to Ij and to 1; and from 3 to 2^ to 2^ 
7 to 2 ; and one of f> 5, It is observable, that all the 
volumes eoncemed^ both ^combining and T^sulting^ are 
\^hole nuTuberi^; fractional quantities never occurring in 
if^:?il asce|;tained cases. 'J^hese contractions only show 
that, during, combijiation, the per tides of the gases do 
not remain at the saintMlistaiices, but apjiroadi each 
other so as to present a resulting volnnie of the com¬ 
pound gai which bears the above mcnfionc<l simple ratio 
to the sum of * the two component gases. We may^ 
therefore, e?cpress the law generally, by declaring, that 
when couLractiotj does take place, it is so rdateil, that 
the same unit ineacures the volume that <ti sap pears, the 
volmne of each of the gases whidi coinoincj and the 
volume of the resulting ccin pound gas, „ 

Jn explanatiijn of this rate of contraction, it might 
be su])pofied tb'it either of the combining gaw'S^urren- 
<fers its caloric, and merges itf^ volume ; and such an 
explanation miglit ap|)ly, if tlie resulting volume always 
corresponded with dtlier of the coinbini[ig volumes. 
But this is oply sometimes ihe case: ammoniacal gas, 
for instance, is formed from 1 volume of a^ote, ani 3 
volumes of hydrogen ; the resulting hulk is 2 volumes; 
which would not be tlie case, had either the azote or 
hydrogen surrendered its gaseous eiaBtence. When tlie 
atojns of azote and hydrogen combine, the atoms of 
ammonia ffirmed, retain the quanti:y of beat proper to 
themselves; hut flie singular fact, that the quantity of 
heat retained is just sufficient to enable the newly 
formed gas to occupy a volume, bearing the ratio to the 
original gases already stated, remains unexplained, un- 
leaa the existence of definite ratios of combined heat be 
admitted. 

I have not been deterred from advancing these tio- 
dons, vague as they at present are, on account of any 
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considerations derivtiii from the specific*heats of ga&ea, 
siispectinp; tfifit wc Imve as^et no certain knowledge 
of tliat subject: it is not even agreed whether they are 
tly; saiijc in all^ or difi^wint for ea#li: and when we find 
the experiments of l?elarodie and Berard diametflically 
conflicting with those of Marcet an<l Delari^, it seems 
but prudeftl Jo abstain frohi coining to any conclusion 
oil the subject- • • # 

'^rbere is a si deration relative to Gay-Lusaacis! ^ 

discovery of tlie law oj' vohinu'Sj wliich sfems not to 
have been attended to hy cliemists* *T]ie lawr has been 
conceived to consist of twd disthu t poaitians; fijst, that 
gases combine J volume with 1 volumej or I wnth 
or 1 with S; seJond, that when con fraction foilowe 
combination, the rmiMug volume bears aiso a simple 
relation with the volume of the gasesj^ or rather with ^ 
that of one of them,’' as it is expres^d by Gay-Luaeac* 
Docs not the,second pos don flow from the first? and 
do not ho til indicate paits oi the same phenomenon ? 
Two volumes of muriatic acid gas saturate volumes of 
gaseoup, ai]jinonia; and 2 volumes of ai^ilionia consist 
of 3 v^urnos of hydrogen, and 1 volume of azote* IT 
the 3 volumcB of hydrogen aud'l of azote did not con, \ 
^ense into exactly ^ volumes of ainmonkj but oceftpied 
the hulk of suppose 2^ vuiumesj th ::[i thg first positidh 
of the law could not be fulfilled in the combination of 
2J}- volumes of ammonia widi 2 of muriatic acid gas* 
■'I'he same kind of obyervation apjjlics to the 2 volume^ 
of muriatic acid gas Join posed of 1 volume of hydrogen 
eomhined with I of chlorine* Again, if oxyget, in 
being converted into^arhoiiic acid, sufFcraai the slightest 
expansion or%:ontraction, the law of iMumes fould not 
be obeyed in tlic saturation of 1 volume of carbonic acid 
by 2 of ammonia. Were any expansion or contraction 
to take place in the generation of carbonic acid, it 
should be at least in such a ratio as would permit a 
inuitiple combination with all other gases* 

In the foregoing pages of this chapter, it has been 
shown, as fully as tlie small space which can be allotted 
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to the subject -teouM permit^ tliat mattt^r corabirtes 
cheMiically with matter iti limiter I quantities ;^that within 
the limit there frequently are determiinate and successive 
stages of combination^ in each of wdiich tlie poaderabh' 
qnantrties f^iving origin to the sUccessiTC stages are 
equal; that this equality of ponderable quantities is 
observable in solids and in gases ; anti tlia^^ in the case 
ofi' gases^ it is observable as well when the quantities 
a|H^ determined by volume. It now only remains to as¬ 
certain the amount or value of the combining quantities. 

Affinity ia a property of all matter, it acts in such 
a manner between two bodies^ 'that, when they combine, 
they do so in tjuantities which are constant for the same 
bodies ; and thife is the case, whether tliere is one com¬ 
bination or more* Forty parts of .Sulphuric acid saturate 
parts of soda; and the same quantity of acid saturates 
28 of lime. These, quantities of soda and lime are then 
BO far related, that each is the represesilative of the 
other, with regard to thci power of saturating 40 parts 
of sulphuric acid. 'I'he question occurs, is the acidity 
of sulphuric ^cid such that the ratio of tljf alkaline 
todies to each other exists witli regard to saturating il 
"vnir/ ? or, is acidity-ja general property, the same in all 
Ecidsj^so far as the ratio of the alkaline bodies adequate 
to' saturate it,is concernedThe latter form of the - 
question must he answered in the affirmative* We^nd 
that the above mentioned quantities of the two alkaline 
Ipdies agree in the property of being saturated by 54 
of nitric acid. Thus, a remarkablq; rektiun subsists he- 
tween*" these quantities of tlie four substances concerned; 
40 parts of snilphuric acid act thp same part as 54 of 
nitric acid, in saturating 32 parts of so^a, or 28 of 
lime: they are all equivalmiU (as they are now pretty 
generally called) to each other in saturating power; 
they are the combim/rg weight» of these substances: 
they are the repriiJientaHve number from which we 
learn the ratio of the quantities that saturate each 
other* We learn from this ratiOj that if ^2 parts 
(404-32) of sulphate of soda, and 82 parts (54-|-28) 
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of tiitmte of lime^wiere mixeilj Ihe* known order of 
affinities wmjld prevailj total decomposition vnould 

ensue: the 40 parts of sulphuric acid^ which had been 
^turated by 32 of sodai^ would n(ftv he equally saturated 
by 28 of lime; that the equivatent of 32 of fioc5»; and 
f>8 parts of sulphate of liine^ would be forrqpd: and tlie 
32 parts^fioda, now Ulwfatedj must be saturated by 54 
of nitric acid; the latter beinf' tke equivalent of -lO pafts ^ 
of sulphuric^a(^d, which had formerly saturated 
soda* ''rhus, die resi]}! of the tleconiposi^on would be 
fi8^>arts of sulphate of UmCj and 8fi parts of nitrate of 
soda; and there would he ncitlier free alkali nor free 
acid to be found id the mixture* * 

Indeed j in all* such double dec om positionsj if die 
ori^,dnal salts were uflitralj so will the resulting saltSj 
unless in a few cases of complicated affinity which need ^ 
not here be specified ; and it cannot Jot ‘ otherwise. Fox 
if a salt, consisting of an acid^ and aii alkali, B, be 
neutral, it is so because A s^^turatea B; if, then, that 
salt be decomposed by anothe consisting of an add^ C, 
and arieajjh, 1), the acidC being just sujfftcient to satu¬ 
rate which had been previously saturated exactly fly 
then A ami C are equivalenta; and it ia nothing sur-^ 
•prising that A should saturate Dj which- had been pre¬ 
viously saturated by C, * Neutrality must result: die 
two salts may, perhaps, not totally decompose each other ; 
but the result of any decotnposidon th^t does take place 
will he neutrality, , 

We may extend ^flie number of the four equivalents 
above mentioned^ throughout tlie whole catalogue ftf the 
different bodies in r^ture. Whatever quantity of pot- 
aah saturated40 of sulphuric add, will he the equivalent 
of 32 parts of soda, and of 28 of lime; and will he sa¬ 
turated as well by 54 of nitric acid; this quantity of 
potash is 48 parts* Whatever quantity of caibouic 
acid saturates 48 of potash, or 32 of sods, or 28 of 
lime, -will equal the saturating power of 40 parts of sul¬ 
phuric acid/or 54 of nitric add: this quantity of car¬ 
bonic acid is 22 parts. Or, it will be founds that 42 
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parts of oxide of ^inc will saturate 40 parts (^f sulphuric 
acid^ and, consequently^ 5*^ of nitric adil,*and 5i2 of 
carbonic; and to thcsc^ or any other acida_, it will be 
equivalent in saturating power to tSii of soda, 2b of lime 
and 45: of potash. These observations have presented 
us with tlu^ followinf; scale of equivalentsj the names 
repreaenting the bodies to be conibined, and the num¬ 
ber s showing tile quantities in grains^ pounds^ or tons^ 
or^ any other denominationsj which saturate each other, 
in such case^L as combinations aiJtualJy take place: — 
Sulphuric acid 40 nitric acid 54: carbonic add 22 : 
oxide of aiuc 42 : potash'48 : 'soda 3^2 ; lime 28, 

Now. as all these bodies are compound, and arc equi¬ 
valents to each other, it would foliow/as a consequence, 
that the elements of which they ^re composed are also 
eq^dvidetits to each other in relative quantity ; and that, 
iu the case of my two of these bodies—sulphate of ainc, 
for instance—we are not merely to consider that salt as 
composed of sulphuric ac^l and oxide of zinc, in a cer¬ 
tain ratio to each other, hut as composes! of sulphuric 
acid, zinc, and .oxygen* I'he 42 parts of ox^c pf zinc 
ponsist of ,^i4 parts of zinc and 8 of oxygen; 'conse- 
cquently, 34 is the equivalent number for Kinc, and 8 
for oNfygen. if w'e exainme potash, soda, and lime, in* 
the same manner, we sliould, of course, find 8 constantly 
the equivalent for oxygen ; thus, 48 parts (the equiva¬ 
lent) of potash consist of 40 parts of potassium and 8 

oxygen; 32 parts {the equivalent) of soda consist of 
24 sodium and 8 oxygon: and 28 parts (the equivalent) 
of Hihe consist of 20 calcium and 8 oxygen, >,Thus we 
have obtainedothe following additjonal equivalents:— 
Oxygen ^; zinc ^34; potassium 4tl; sodKam 24; caU 
cium 20* 

But the acids above enumerated are also compounds: 
they consist of oxygen and a base; it is, therefore, ne¬ 
cessary to discover if the oxygen is the same in them as 
in the substances just examined. Sulphuric acid, in 40 
parte (its equivalent), contains 16 of sulphur, and so 
much as 24 parte of oxygen: nitric add, in 54 parfs 
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(its efjuivaknt), tains 14 of azofej and 40 parts of 
oxygen : Inti carbonic acid^ in 22 parts (its e<^iiivajent), 
contains 6 of carbon and Ifi of oxygen. In these adds^ 
^ijvCj therefore, have the oxygen Ss 24, 40, and l6; *anil 
in the former eatiiflate we have it 8, Hut is the 
quantity which exists in oxide of dncj pot^h, soda, and 
lime : aAid as 24 is three times H, and as 40 is five times 
8, and l6 is twice 8, it is eVident that tS is the #031, 
e(juivalent nnipber ; that in sulphuric acid there ai;^ H 
doses of oxygen, in ^itric acid d, and in (j^rlJonic acid 2? 
These analyses afford the followinj^ additions to the list 
of equivaienta, the numllbrB lining found by subtracting 
the oxygen in dhcU caiie: bulphur Ifij ajfote; car¬ 
bon (i* * 

In water ijic oxflgen is 8 phrts, the hydrogen 1 
part, both by weight: 8 being the equivalent of oxygen, 
1 is the equivalent of hydrogen, ^I’he following table 
presents all tthese bodirs, with their respective num¬ 
bers : —- * 


Hydrogen 

1 

Lime « ^ 

28 

Citjjbolf 

- 6 

Soda - ' 

3^ 

Oxygen .. 

- . 8 

Zinc 

34 

Azote - 

- 14 

' Sul;3iuric acid 

40 

Sulphur 

16 

A 

Potassiiim 

4<J 

Calcium - 

- 20 

Oxide of Muc 

42 

Carbonic acid 

00 

Potash 

48 

Sodium 

^ 24 

Nitric feid 

.<54 


And we may easllj^find the equivalents of any of tlie 
compounds of them by adding the numbers together; 
thus water will be, 8 +1 = <); nitrate fif lime will be 
54 + 28=8*, 8 : 0 , The value and nfcaning of this table 
will be more fully seen in the following observations:— 
The numbers represenling the equivalents in the 
t&ble, may be increased or diminished to any extent: hy¬ 
drogen, instead of being 1 , may he represented by the 
number 100, or by 1000, or 999, or any other num¬ 
ber, provided that all the other numbers are multiplied 
in an equal ratio. Or hydrogen may be represented by 

c c ^ 
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T gV T 0 i UTTJ ^ other noambcrs ^ equally 

(liini&iahed* If hydrOf^on ’Were 100, oxygen wouM be 
SOOj tiitric acid 5400, Were hydrogen 0*01, oxygen 
wowM be 0'08, and nitric aqul'0"54;—numbers 
eqnally^Anconvenicnt either to write "or to speak. It is 
the ratio tha,t renders them of value; the table informs 
us^ tliat 40 parts of sulplmric add would saturate 48 of 
polish ; but there is not^iing ui jful in the numbers 40 
ancl 48 more than in 20 and 24;, or 5 and C: it is the 
'ratio of the sqlphuric acid to tlic potash which we re¬ 
quire to know, ani 'of which we are informed by the 
table. Every one knows fhat ftie larger the numbers in 
any series are, the more difficult it becomes to perceive 
their relation. Thus the relation of tJie numbers in the 
progression ], 2, 3, 4; 5, A:c* is o’bviousnn inspection; 
but it would not he so were we to express tlie same re¬ 
lation by the numbers 12S), 258, 387j 5If), fi45, &Cp 
Hence, it has been an object to reduce the equivalent 
numbers to the lowest rati--) that can hc^ ohtainetL 

Jiut, die ratio being the main object of the scale of 
equivalents, it in ay be enquired, why arc not thr-nnmlicf s 
reduced far below what are given above ? for the'"scale, 
extended so as to include all known bodies, will give 
numlHirs higher than 500* To understaiul the answer * 

to this question, we must firsl consider the nature and 
constitution of numbers in general, so far as is ilbces- 
sary to a clear con?preliension of the nature and consti¬ 
tution of the numbers which represent chemical equi¬ 
valents. r 

Eudid cloRiies number to be a multitude of units. 
Mr, Locke obsiirvesj Amongst al^ the ideas we have, 
as there none sftggested to tlie mind by%ore ways, 
so there is none more simple, than that of unity or 1, 
It has no shadow of variety or eompositinn in it; every 
object our senses are employed about, every idea in our 
understandings, every thought of our minds, brings this 
idea along with it," — " By repeating this idea (unity) 
in our minds, and adding the repetition^ together, 
we have the complex idea of a million, or any other 
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mimber/' ^ Euler ^lelincs number to be tbe proportion 
of one magnitude to another arbitrartlif a^^t^um^d an the 
unit/' In ehortj we can have idea of any number^ 
H)i!t in reference to^ome standard which measiv'es that 
number ; and that standar<l is or unity. In*ta own 
nature ^nity is not a luuvberj ami, therefcftc, it is iiidU 
visible: f(«% even though dt should really consist of 
parts, it has no shadow of composition in at," and it* 
as nrbitraiil^ assumed" to be one. Such i< the natbr# 
of the unit of nuaitber ; and thi| natute will now Ix^ 
shown to correspond :(fith*the unit of the table in 
(juestion. , 

On inspecting! tlie table of equivalents* we'learn that, 
to form potash, 40 jmrts of potassium must combine 
with 8 of oxygen. The table gives the quantity, but 
not the quality, of the relative weights: it does not* 
declare whether the tyeights art? grains, ounces, or 
pounds. fti practice, it may he any of them; in 
general, it ntay he purU ; But, in the theory and con¬ 
struction of the table, a very djiFetwiiJ denommation, 
from^ any palpable weight, is implied. '^ When we (jon- 
sider the numbers concerned, via. 4t> and 8, they conv^ 

^ no idea, iinkss they refer to the unit, or measurj, of all 
the Test: forty times something and eight tynes 

the same, are both implied by the fiumbers. The 
measure expressed in the table is hydrogen ; it ia called 
1, and IB therefore the unit* Thii? affords the reason 
why the numbers ||i the table arc so high; they all rSfer 
to hydrogen as uiifty ; and hydrogen enters ii^o com¬ 
bination in very sinall quantities, partly owing to its 
lightness cgmparetf with its bulk, arifl partly to its great 
saturating power* For instance, the weight Of hydrogen 
that combines to form ammonia, is ahnofit five times less 
than that of the azote: the weight of hydrogen, in 
sulphuretted hydrogen, is^only -J^fth ; and, in hy dr iodic 
add, it is but ^l-^th* It is obvious, that the less the 
weight of hydrogen ia, which combines with other bodies, 
the greater must be the weight of those bodiea which 

• c c 3 
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combine Tvith jt- for tlie terms anft are 

correiktives* ^ 

lUie necessity of an unit liaving been thug pointed 
out/the next enquiry is, concerning the denomination ' 
which (Siis particular unit is, as it is not the measure of 
any palpable'weight known in ^practice* The most in- 
telUgiblti, mode of introducing the subject, fwill be to 
the circumstances ^Thich(-led to the idea of cm- 
plo^jing equivalent numWrs. Mr. Dalton was the first 
who distinctly jconceived that, from the relative Tveighta 
of the elements in the mass of any compound body^ 
the relative weights of the ultimate narticles or atoms 
of the bodies nuy be inferreil: and that^ from this, 
their number and weight, in various other compountfs, 
would appear in such a way as to assist and guiile future 
investigations, and^ to correct the results. He inferred the 
relative weights of th-j atoms in the following manner; — 
^Vater, he conceived to consist of 1 part, by weight, of 
hydrogen, and 7 of oxygerf. It must be presumed, he 
thinks til at, whep two combinations of two bodies can 
be obtained, die first must be conipoeed of aii^atqm of 
each combined; and tlie second, of 2 atoms of one, and 
atom of the other, ' Applying tliis rule to the two 
comjbiwations of oxygen and hydrogen, we must suppose 
that water consists of an atorff of hytlrogen combineil 
with an atom of oxygen: and, if this he admitteiF, the 
weights of the atoms must be in the same ratio as the 
weights of the total quantities that compose water. Hence, 
an ato^ of liydrogen will weigh 1, and the atom of 
oxygen will weigh 7- Ammonia, Mr* Dalton conceived, 
to consist of J pftrt of hydrogen, comtiined with nearly 5 
of azote ; and, as he considered ammonia aS composed 
of an atom of each element, there being but one known 
combination of hydrogen and azote, the weight of the 
atom of hydrogen is 1 as before, and that of the atom 
of azote is about 5- Carbonic oxide, condeting of 
oxygen and carbon in nearly the ratio of 7 to 5, and 
being composed of an atom of each element, the atom of 
oxygen will weigh 7 as before, ^and the atom of carbon 
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jibout 5 : And the,weight of an atojrf of carbonic oxide 
will i * • 

In diis way he proceeded to examine many compounds^ 
Sfiirst the weight of an %tom ofdiydrogeii to be 

unity, aiitlj from tRatj determining the weighVof the 
atoms of odier elements, hy representing th^n as so many 
times he^ivipr than the atom of hydrogen—the nuinher of 
times being discovered by comparison of the ighln 
the difterentefcinents. These weights were tie term jjed 
by analysis of tlie compound formed eitli^ witli one part 
of hydrogen, or with a given weight of some other 
element, tlie relation ot** the atomic weight of whicli to 
tliat of hytlrogen^iad been already ascertained* Thus, 
the weight of the atoms of other bodies^ere expressed in 
atoms of hydrogen, &ch of wbicA was denoted by unity. 
The reason for adopting hydrogen as unity, is, be* 
cause that body, of all others, onjers into combination* 
in the smaHest weight: : hence Mr* ffaltoii considered 
liydrogen to jbe the most praper unit. Wv; now see that 
this unit is an atom ; and tliat an atom corresponds 
with thc^i^imple and in divisible nature 

aton^ widiout a contradiciioTT in terms, can liave no pflrts. 
It will be useful to reconsider »few of the Oijuivalei^a 
* in tlie tabic already given, and to show in whaUmanner 
these numbers have bcfci derivt^d, so diifbrent as they 
are from the numbers originally given hy llalton. Water 
is now known to be a compound of*l part of hydrogen 
and 8 of oxygen, both by weight It is conceived tj^at, 
in water, the two! gases are combined, atom to atom ; 
which is the same as to say, that there arc many 
atoms in 1 part,*by weight, of hydnpgen, as in 8 of 
oxygen: ftnd, if this he so, it is'quite cle^ar, tliat, as.- 
fiuming the atom of hydrogen as 1, for tile reasons 
already assigned, the atom of oxygen must be 8 times 
heavier. Hence, in the cable, hydrogen is called 1, and 
oxygen 8. Jiut no assertion is made further than regards 
the ratio of their weights : nothing is conveyed a a to the 

f 

• AU these atoTnlc given hy Mr. Dalton, have been alteiKl ii| 

^onieqiiejjtx! of lubac^uent 

c c 4 
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actual number particles of either (jxygcn 0J‘ hydrogen 
confined in a given weiglit of these "ases. * 

Again : olehant gas is compostHl of equal volumes of 
hydrogen and' carbon vapour. 100 cubic inches e^' 
carbon^Wapour vireigh 12*682 grains^ and the same 
volume of h 3 ;drogen, 2*1197 ; that is^ a volume of car¬ 
bon vapour weighs fi times {qu. pr,) more tbgin an equal 
rr vohime of hydr^eii. If it be^assumed, that these two 
unitti^atom to atom^ it is quite cleat; without 
asserting any,jthing as to the nuriber of the atom^ in 
any volume of these gases, w^e may con elude j the atom 
of carbon is 6 times heavier than that of hydrogen : 
hencGj the. latter being J, the former is rated. 6 in 
the table. 

The same atomic weight may be derived in another 
^ way. Carbonic ^^pxide consists of 33*9153 parts of 
oxygen^ and 25'364,of carbon, both by weight; that iSj 
the weight of the oxygen is to that of the carbon^ as 
1*3371 to 1. Now, as it ia assumed th^t the oxygen 
and carbon combine atom to atom, it is plain, that the 
atom of the forj^ier will be to the atom of th(y4atter, in 
^weight, as 1*3371 to 1. But tlif> atom of oxygen has 
already been shown to weigh 8: therefore, as 1*3371 is 
to I, SD ivill 8 be to 6 (tfu. prJ) ; and tlms again we 
obtain 6 as thq, atomic weighi of carbon. Here it is 
to be observed, that the atomic weight of carboB has 
been obtained, appi^reuil^^ without reference to that of 
liydrogen. Hut it has been compared with the atom of 
oxygen, and that was originally obtained by comparison 
with the atom of hydrogen. The atomic weight of 
carbon is, tliereftre, indirectly derive^j from a compariBon 
with that of hydrogen* ^ 

We may also infer the atomic weight of carbon 
from marsh gas and carbonic acid, with instructive 
suits. Marsh gas consists of carbon 12*682 parts, and 
hydrogen 4'239j fhe ratio being very nearly as 3 to 1* 
When these quantities unite, it cannot he suppoeed that 
they combine atom to atom ; for that was the suppo* 
sition in the formation of olefiajit gas* The hydrogen 
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is now double thei,woij^bt ; hcHCC it^ a|pms are double 
the niimbcV : a3id|LB the ivdiglit of the carbon is tcpthat 
of the hydro^^eii^ in the case of marsh gas, as 3 to 1, and 

in the 1 of hyd^^n there Smst hel^wo atoms,'the 
real weight of carbon is as f) to 1 ; that is, the^atomic 
weight of carbon is again found to he 6\ • 

('arboni% acid consists of^ 33*9153 parts of ^oxygen 
and of carbon ; ^he former is J:o the lattei^as* 

Si*f574 to L* But the volume of oxygen carb<wi^ 
acid is twice as great*as it is in carbonic <>xi(le; so also 
must be the number of atop[iLH. Tilencej the ratio of 
vueigUts being as to 1, and the former number 

representing 2 atoms of oxygen, wc have tlicfproportion 

2*074 ; 1 :{ If) : f) 

The atom of azote is deduced from the composition 
of protoxide of azote- To form this„33'9153 parts of ^ 
oxygen combine with fip-071 pftTts*of asrote ; hence the 
azote is to tliO oxygen ^^A ] *771 to 1 : atul as the atomic 
weight of oxygen has been Mready proved to be 8, and 
the two elements combine atom to^ atom, we have 
1 : : ti : 14 {qu.pr,). Tlencc tto'atomic weight 

of azote is 14. * 

The weight of the atom of suiphur may be derive® 
from sulphuretted hydrogeHj which consists of 6'1197 
parts by weight of hydro^n, and 34*2 oi^sulphur* 'f he 
weight of the sulphur is, therefore, to that of the hydro¬ 
gen, almost exactly as 1 fi to 1* Hyiirogen being unity, 
the atomic weight of sulphur is Ifi- • 

From these examples it appears^ that the atomic 
weights are all derived, directly or indirectly, from hy- 
ilrogen assumed as mnity j and as the tuit in the table 
of equivalents is an atom, so also tlTe equivalent num¬ 
bers are multiplications of tliat atom. It is, therefore, 
manifest, that nothing is known of the real weight of 
an atom in any ponderable or practical denomination, 
such as grains, An atom must certainly possess 
physical weight, hfe it ever so minute ; but as it is totally 
inapprecialSej we are-utterly ignorant of it* It there^ 
fore follows, that the niimhers in the table of equiva- 



394 f 


ELKMENIS OF OHEMISTIIY* 


PAHT 1H.P 


lents do not re^iUy repretsent ponderable i i^uantltiesj 
althpugh tliey Wy be Ui:ed*jas such^ - They^ merely re¬ 
present ratios of wcightsj and not the iK^eights themselves. 
When it is ^:d that liie atom of carbon is it is ip ' 
t3uded:*to affirm that its atom is kik times heavier than 
the ahnn ot hydrogen, assniniug tlie latter arbitrarily 
as a standard of eompaiison, and not ^tToicssing to 
uviferstantl tlie value cf that standanh In the same 
n>^5nncr, Vfe say tjiat the atom of oxygen is 8 limes 
"heavier than that of hydrogenand hence (adding 8 
to 6)j that tlie atom of carbonic oxide is .14 times 
heavier tlian the atom of hydrbgen. 

Hut we must also view tliese numbers under 

I 

another aspect* If they represent the compara¬ 
tive weights tjf atoms, and if bociies combine atom to 
atom, tlvese numbers must, as already stated, represent 
tlio ratio in wliich bodies combine and saturate each 
other ; hence the name cfintbiniuff whjhtf 'given to them 
by Ur, Young. Thus, ift iti represent an atom of sul¬ 
phur, anfl 1 an atom of hydrogen ; and if sulphur ant! 
hydrogen uiiiivjatom to atom, then iG parts^ (whether 
gfSims or pounds) ought to saturate 1 part of hydrogen, 
tnd thus form 17 pacts of suiphuretted hydrogen; and 
the niwnher 17 should also he the atomic Tveight and^ 
co^nbining quantity of that gjs. This is true ; for we 
find that 17 parts of sulphuretted hydrogen entSr into 
comhinatlon with^.56 of sulphuret of potassium. This 
l^st number is die atomic weight of sulphuret of po- 
taesium^it being composed of an a^omof sulphur = 16 , 
and aAi atoju of potassium = 40. It is in tills way 
that the table equivalents becoines of such vast im¬ 
portance to the practical chemist, cEpecialiy when laid 
down on a scale with a slider, as in Wollaston's scale of 
equivalents, wluch even performs arithmetical operation b 
on compositions and decompositions. 

On inspection of the table of equivalents above given, 
it will be found, that the numbers are all multiples of the 
weight of hydrogen, and that, of, course, ho fractional 
numbers occur, Indeed, the ^ same observation applies 
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to tlic equivalent nuinliers of all the b^dSjs known^ with 
but very fAv exce|tions* (Tlie sinftular circumstance, 
that the first atiopleti unit* should exactly measure the 
^.Aonis of all the su^sthnees whiifti were afterwards to- 
duoed iiTideT the law of multiple ratios, mightV>e ex-^ 
plained Jby supposing that the atom of hyirogen is the 
natural andtreal unit of all qiatter; or, more prohablyj 
that fractions have hee^ rennfved by ^the ■ corrections i 
made in the •analysis of bodies, acconling to a practice 
now almost in variably adopted and alloweiJ by chemistfi. 
Notwithstanding this coincidence, 3t*has been considered 
by the majority of |^ood jmlgesj that there arc countervail¬ 
ing advantages iLssuTning oxygen as imity^ jn place of 
representing it by the number 8. if*<jxygen be con- 
sitlered 1, we* must *then reduc^ the whole scale of 
equivalent numbers to /.th of what tlj^ey would be w'cre 
hydrogen 1, Thus, sulnhuric acid* which in the table 
ia 40, would, then be '* ; and nitric add^ instead of 
being 54j wqjild be (>'7'^* lime, instead of would 
be : carbonic acid, from wouh^ change to 2'75 > 
and h^dr#gen would he Ih thissitjase, almost one 

half of all the ascertained nuiubers wcjuld be fractional ; 
^but they are almost always, thost fractions which atv 
easily remembered, sjuch sus = Q'2,^, nr ^ = 0*5, or 
J = 0'75. J.>rt Thomson, in ailvocatjp'g the oxygen 
scale, says, Surely it will not he said that the fi'ac- 
tional numbers are more unwieldy^ or unmanageable 
than the whole nutnbers; while, in all cases of wh^le 
numbers, the advatftage on the side of the latter method 
is very great. Thus, if hydrogen be unity, the Stom of 
uranium is £08 ; wAiilc, if oxygen be minity, it is only 

i. 17 .) On tKb other,hand. Dr. 
Ure observee, It has been objected by some, to our 
assuming hydrogen as the unit, that the numbers re¬ 
presenting the metals would become inconveniently 
large. JJut this could never be urged by any one ac¬ 
quainted with the theory of numbers* For in what 
respect is it more convenient to reckon barium S '75 on 

* llydrdgcn weu thf unit chotcii l}y M.r. Diltoii, 
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the atomic sc^c/or x 1(>= 140 on siV IJ- Davy's 
scalu of (experiment? Or (Is it any tn immc^ 

with Dr. 'rhoinson^ tin = or to call it 11H on 

the plan of the Kuglish pliilosophcr ? Tf the 
himnf^‘'rHtios of all hotHes be imiUipJes of hydrognij as 
h prohabky why not take hydrogen as tlie unit/' It 
appears to me that the oxygen scale of nv^nhers, coti- 
siiteml with regard to uumerit'a! coiivenit'rice only, has 
little or no advantage over the liytirt'gcn scale- In 
writing, siwaldng, or thinking, the three figures, 8'7*^, 
pocjn to have no advantage over tlie otlier three figures, 
140 ; and there are many such instances- Dr. Thomson 
assigns, alsfi, the following reason lor preferring oxygen 
as unity ^‘^Tiydrogeii, so far as we know at present, 
combines witli but tew of the other ‘'linjde bodiess; 
while oxygen unites with them all, and often in various 
proportions. f^onr'Xjuently, very little advantage is 
gained by representing the atom of liydroJ,en by unity, 
hut a very great one by representing the atom of oxygen 
by unity: for it reduces the greater nuTnlicr of arith¬ 
metical operati'^na, i^espocting these bodies, Nio the ad¬ 
dition of unity ; and we pec at once, by a glance of the 
ffye, tile number of 'atoms of oxygen wliich enter into 
combination with the various hotlies**' This argument 
seems to me 'unanswerable- ^ In the appendix^lo Dn 
Thomson's System of Chemistry, recently [pnHished, 
there is a list of > 19^1 bodies, the atoms of which are 
represented hy numbers composed in all of digits 
for the oxygen scale, and 800 for^tlie hydrogen scale- 
Thug, on an average, the nuinher of digits employed for 
each body, according to the two scales, is as T31 to 1 ; 
a trifling t'isadvantage compared with the J^reat utility 
of subtracting, adding, or remembering the dose of 
oxygen belonging to a body by means of unity, and 
many other important substances by numbers not very 
much greater. 

Either of the scales will answer the purpose* In 
order to convert the hydrogen scale into the oxygen 
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scale^ tlivul^ tli^^ foniier by R* If oxyi^eii scale be 
multiplied 8, ttc" product^-ill he die %drogen scjle. 

It is now ntiCLSs/ry to that tlie number & thein- 

a^^elveSj cmisulered abstractedly as^representatives of the 
wTigbta of atoms 3 ar^d without reference to Lhei^ capa¬ 
city of expressing eonibiniag ratios^ are Jiypothctical 
and useWs ; ahd that ihoy may be, m realityj very lUf- 
fcrent fronf what w'e suppose tliem. As there ^le ^ 
two units employed, oxy^m and hydrogen; and asb^h 
of these are* eon table f I in water, the eomposition ol^ 
which is agreed on fiy all elu-jnts*s ; tile analysis of 
water may lie considered as'’the basis of the atomic 
liypothcpis. Wat^r consists of I part of hydrogen and 
8 of oxygen, hJlh by weight; or, what is the tsame 
tliiugn 2 volumes of *1110 former*and 1 of the latter. 

It is ^^(/J:j'>v^//that in the 2 volumes of hydrogen there 
an' exactly the samj number of ultifnato particles, or • 
atoiri*^, as tln^rc are in 1 ' Ltlume of oxygen. Jiut there 
are no grounds for tile iiiftjp^ncej beyond a supposed 
probability. *lt originated v. hit Mr, llaltoii, and was 
expressed in the following words When only one 

eOfTib^iiation of two boilics can he obtained, it Tiins^he 
pnjiof iiU’d to bo a binai^^ one, unlyas some cause appea^ 

• to the contrary: and when two combinations a^e ob¬ 
served, they must be presumed be a •binary and a 
ternary/' -f Water is, therefore, inferretfto consist of an 
atom of hydrogen combined with an of oxygen. It 
is further inferred, that a given volume of hydrogen con¬ 
tains hut half the ni|mher of atoms coutaineti in tlic same 
volume of oxygen : and as tile weight of oxygen^n wa¬ 
ter is 8 times greatej than that of bydrojjpu, the atom of 
oxygen is Jfiferrcd to be 8 times heavier tlian that of 
hydrogen. The truth of the fact inferreJ, however, 
depends on the truth of the assumption, that the two 
gases unite atom to atom ; — a position which may be 
either tleiiied or admitted at pleasure, for it is perfectly 
gratuitous. It may be affirmed, as equally provable, 

* Mr. evplaim a binary campound to mtan an atom of cacli clc- 

iTpnt Jn 

t A ternary compound la 1 attm uembined with 3 atomaL] 



3i)8 ^ til4EHn3KTS OF CHBMJSTRV, PART IlT^ 

that a volume of'Hhy<lrogcu ccusists of the same number 
of adorns as a viiluine of oxyfjen. In s case^ the weight 
of an atom of oxygon will he 1C tm^es heavier t/ian an 
atwn of hydregen ; and then, if oxygen be assumed 
1, an a{om of hydrogen will weigh instead of its 

double, ; or, if hydrogen be = 1, tlie atom of 

oxygen will weigh JC, instead of 8, and all the mimljers 
intithc table^of equivalents must he tloublecl/ In short, 
aSj^^ve know nothing of the number or \^eiglit of atoms 
'constituting hydrogen or oxygen gas^ all fuimbers pro¬ 
duced by multiplication of the atom of either must be 
conjectural, and only valuable so iar as they express 
ratios to an unit assumed at pleasure* 

Another itistaxice of the fallacy of 'the general rule, 
that when two cuinpojnds are kne ^rn, one is to be pre¬ 
sumed to he binary and the other ternary, may serve to 
!5et tliia matter in a jiroper point of view. If hydrogen 
be = 1, oxygen will be = 8* Analysis sUow^ that about 
8 parts of oxygen comhine ;with ^00 of mercury to form 
the protoxide, and 100 to form the peroxide- If vre 
take 8 as one utim of oxygen, aiKl if, acconJ^g to the 
‘rtde, as there are two combinations, the protoxide is 
^inary, then the atoip, 8 will unite to an atom of mer¬ 
cury, v/hich, consequently, will be represented by 20Q. ' 
The atom of mercury has be^an hitherto, accordingly, 
rated at 200 in hydrogen tables of equivalents, ftid at 
25 in oxygen tahl^^j. Jlut we may just as well suppose 
tli^t the protoxide consists of an atom of oxygen com¬ 
bined with 2 atoma of mercury; ai^l then the number 
repres^jUing mere nr y is reduced to one half, that ia, 
100 or 12*5* ^This view has be^ atlopted by Ur* 
Thomson, in the lasJl edition of his System ofi'Jliemistryy 
for reasons which he has there stated, and which, whem 
ever they ivill he founded on an extensive induction, 
will be of the utmost value in determining the real 
atomic numbers* In his Introduction, p* xiii*, speaking 
of the tables of atomic weights, he says, It is not 
unlikely that some of these numbers may be twice ai 
high as they ought to be*" But^ at p* ix*, be sums up 
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the real cQiklitioR of the atomic TiUTnlltrs in the follow¬ 
ing : r^i loamyj cases it is not easy A hx npon* the 

true atomic weighfof a boay. We can always infer 
the weight of one hotly that (liters into combination 
with anotherj eithe^tknotes tlie atomic weightthe 
bo<lyj or at least a multiple or suhuiulfiple of that 
weight in some oah'ta it may be very difficult to 

determine wliiuh of the three/', • * • # 

These stately cuts ho1d*true, whether we take oxyjjgn 
or hydrogen as and whether we adffiit the cx-^ 

istenceof atoms^ or not. It hasbeeti supposed by somej 
that the doctrine of dcU^minate proportions is a mere 
expression of faelft^ and essentially diflcrcnt^froin the 
atomic liypothesi^j which is founded ow the assumjJtion 
of the fitdte diviBibility of matter*; or^ in other words^ 
on the atomic constitution of bodies. It apiiears to mCj 
that there is as much hypothesis in iTne iloctriiie as in ^ 
the other* We say tlia; an indivisible atom of hydro¬ 
gen — combines with an indivisible atom of oxygen 
^ 8; and tlfe latter combines with an imlivisiblc atom 
of inercujfy = 200* IJerCj it mc^y tlircc 

gratuftoiis asBUTTiptions t tirst, that the combining tjuSn^ 
titles are atoms; fiecJmlly, that ,they are indivisible^ 

• and, thirdly, that the bodies combine atom to* atom. 
But in the doctrine wliitfh profisries to "embody f:fcts 
only, we can detect these same three assumptions tacitly 
involved* Acconiing to this mode^of expressing the 
phenomena^ a certain quantity of hydrogen — the least 
that enters into ^mbination—is called unity, even 
although it consists of 2 volumes; this is thft very 
same position, in ayother form, that has^hcen considered 
chjectionabte in the atomic hypothesis of Daltoiu The 
quantity of oxygen with which this unites, is the least 
that enters into combination; and tlic quantity of mer¬ 
cury with whidi this last unites, is also the least that enters 
into combination* Here, then, we have diree bodies 
taken in the least quantity that enters into combination« 
How does^ this quantity differ from an atom rightly 
understood An atom does not mean a quantity which 
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cannot be but one wliich neiyer is l^omn to be 

<livye*ii COmlfininj; quantity means; tbe saJTie: hence, 
whatever objection applies ^ one, applies to the other, 
Am.1, in Renejt^l, tlie liables of .equivalents profess 
contaii)* the smallest weights whiclj?- enter into combin¬ 
ation ; suclij. also, are atoms, Hy the appUcratioii of 
certain principles, Pjr* Thomson has TCiluml tbe weight 
ofestn atom of mercury jo one half: the same reatsoning 
sigiilarly allectsTts combining fpiantity, ^ In fine, what- 
'ever appKOd to one doctrine, seems to apply to the other; 
and both appear to different methods of expressing 
the flame thing, ' ' 

If the truth of tlie law which is viffirmed to govern 
multiple c'ohioinc.tions he ailmittedj aWd if the law 1>e 
ijelieved to depetid on^tlie union ofi'ltodies, atom to atom, 
it must be universal in its oxieratioii, and there can be 
no exception. To admit an exception, would be to 
admit the existence of parts of atoms, which the atomic 
hypothesis excludes; for^ the combining ratios must 
always consist of I, 2, .'1, 4, &c. atoms th I, But, in 
point of fact, VT'^fiiul ratios that api^ear to mi^tate witii 
fhTs iaiv. Thus, S'5 of iron, ir\ order to form tht?prot- 
asulL', combine with (jxygen 1 athnu Accoriling to the 
Irw ofrmultiple ratios, we should expect that tlie second ' 
stage of oxidation would reqx^jre 2 atoms of oxygen; 
whereas experfinent proves, that 1J atom is the*real 
quantity that ente^ into the peroxide. With a view of 
removing this anomaly, Dr, Thomson says, I need 
hardly observe, that we can get rid jDf these half atoms 
with tke greatest ease, by merely iloubling the numbers 
representing th^ constituents of the ^compound. Thus, 
if an atom of iron weigh 3*5, and an atom pC oxygen I, 
and if we consider it as absurd to view of iron 

as a compoumi of 1 atom of iron and atom of oxy¬ 
gen, we have only to double 3*5 and X'5, which are the 
two constituents of peroxide of iron. By so doing, we 
get 7 = 2 atoms of iron, and 3 = 3 atoms of oxygen; 
and the peroxide of iron will be a compound'Of 2 atoms 
iron and 3 atoms oxygen**' 
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It doea not appear to me that the^ar^omaly ia here 
more than ^ppar*npy removed: the fraction has cer¬ 
tainly disappeared from the numbers^ but it seems still 

exist secretly. In owler to adrfdt this Explanation/! 
think we must also aitmit^what chemists will sArcely 
assent to—that 1 atom of iron cannot he brought to the 
state of jJ^r(jjddej since 2 aftoms requiire 3, and since the 
only possible division of 3 is into three ^paiHite whoft 
atoms, Sneh e^ses as this—and there are but few-» 
should ifot boconsiderg.1 as exceptions^ but^s facts^ the 
eirenmstances of which are not yet* fnUy nndorstood. 
Should itj as it very probably willj be hereafter dis¬ 
covered that there*is an oxide consisting ctf *3'5 iron 
H" 2 oxygen, we nlay then suppose that the second oxide 
is a compound ^of an %tom of eacfh of the other two 
oxides. 
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